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Sm  JAMES  CLARK,  Babt.,  MD.,  P.R.S. 


Mt  Deab  Stk  Jakxs, 

A  Muhbtkr  of  tlie  Britiah  Crown,  in  wldreaBiiig  tiie 
Honae  of  Commons,  described  the  social  state  of  your 
country  in  the  foLowing  terma : — "  We  have  Hhown 
the  example  of  a  naUoo,  in  which  every  class  of  sodety 
accepts  with  cheerftdneas  the  lot  which  Providence  has 
as^gned  to  It ;  while  at  the  same  time  erei;  individual 
of  each  class  ia  constantly  striving  to  raise  himsdf  in 
the  aecaal  scale, — not  by  injnaiace  and  wronft  not  by 
violence  and  illegality ;  but  by  perseTering  good  oCfU- 
dnct,  and  by  the  steady  and  energetic  exertion  of 
the  moral  and  inteUectual  facnltiee,  with  which  his 
Creator  has  endowed  him."*  These  words  must  have 
filled  the  heart  of  every  Briton  with  feelings  of  pride, 
and  with  confidence  in  their  Government.  You,  too, 
my  dear  Sir  James,  are  one  of  those  men  who,  im- 
pressed  with  a  strong  feeling  of  what  is  required  for 
the  pn^^esnve  improvement  of  society,  devote  thdr 
powers  to   the  welfiire  of  th«r  country.     By  yonr 

■  Lord  PibnsntoB'i  Bp«ecb,  Jons  Wtli,  18W. 
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Ti  DEDICATION. 

persevering  exeitians,  aided  hy  others  eutertaiiiiiig 
dmilar  views,  and,  supported  bj  the  patromtge  of  tut 
enlightened  Prince,  irho  eeee  in  the  advancement  of 
science  the  nation's  good,  70U  have  succeeded  in 
eetablishing  in  your  Metropolis  an  Institution — the 
fioyal -College  of  Chemietry— which  affords  ample  oppor- 
tunities, under  an  able  teacher,  to  all  who  desire  to 
become  practically  acquainted  vith  the  various  depart- 
ments of  the  science  to  which  I  have  devoted  my  life, 
and  in  the  progress  of  which  the  prosperity  and 
happiness  of  nations  is  so  intimately  involved. 

Allow  me,  whom  you  will  scarcely  consider  a 
foreigner,  since  I  am  proud  to  be  enabled  to  call  myself 
a  freeman  of  two  of  your  most  important  cities — allow 
me,  my  dear  Sir  Jamea,  to  express  to  you  the  thanks 
which  Science  owes  you,  by  placing  your  name  at  the 
head  of  a  work,  the  object  of  which  is  to  make  known 
to  a  wide  circle  the  recent  progress  of  Chemistry,  and 
to  explain  the  principles  of  natural  science  in  some 
of  their  most  important  applications. 

I  remain,  my  dear  Sir  James, 

Tery  sincerely  yours, 

JUSTUS  VON  LIEBIG. 
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Ih  preparing  a  new  edition  of  my  "letters  on 
Chemistry,"  I  was  induced  to  prefix  a  aeries  of 
letters  on  the  origin  and  development  of  chemical 
science.  With  this  view,  I  availed  myself  chiefly 
of  the  excellent  work  of  Dr.  H.  Kopp,  on  the 
"History  of  Chemistry,"  of  Sprengel's  "History 
of  Medicine,"  and  of  Dr.  Carriere's  "  View  of  the 
Philosophical  State  of  the  World  at  the  period  of 
the  Eeformation."  * 

I  have  also  made  large  additions,  in  the  shape  of 
new  letters,  contiuning  the  results  of  my  researches, 
during  the  last  few  years,  in  Agricultural  and 
Physiological  Chemistry.  The  subject  of  Dietetics 
has  received  particular  attention.  The  Analyses 
adduced  have  been,  for  the  most  part,  made  under 
my  own  eyes,  by  some  able  young  chemists — 
Messrs.  Porter  and  Johnson,  of  New  Tork;  Zedeler, 
of  Copenhagen ;  Lehmaun,  of  Dresden ;  Keller,  of 


•  "  Die  PhiloHpliiKlie  WcltUHchmneng  dcr  R 


Wuraburg ;  Stammer,  of  Luxembui^ ;  Arabacher, 
Buclmer,  and  Kekal4,  of  Darmstadt ;  Dr.  Henne- 
berg,  and  FrofeBBor  Qriepenkerl,  of  Goettingen; 
and  mj  aedstantB,  Dre.  Strecker  and  Fleitmaim. 
To  these  gentlemen  I  now  offer  m^  warmest 
tbanks,  for  the  aaaistaace  which  they  afforded  me. 

My  friead.  Dr.  Gregory,  has,  at  my  request, 
undertaken  to  edit  these  letters ;  and,  &om  his 
intimate  familiarity  with  chemical  science,  and 
more  especially  with  the  physiological  subjects 
here  treated  o^  I  am  confident  that  the  task  could 
not  have  been  intrusted  to  better  hands. 

JOSTUS  VON  XJKBIQ. 
Qiuan,  Man  1*1^  1851.  /^ 
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tETTEEl 

of  Choultry.— Its  nnk  among  S^oica. — ^«aitorl^ 
of  modem  Cnmlfltrj.^-Uke  Uathouatki  vid  FbTsict,  Chem- 
lutrr  ig  a  lanpiBge,  an  InHnuDSiil,  whlcb  cm  eilj  lad  lo 
diHOTcry  Id  tl^  huida  of  genim. — ChemLcil  AnalyeiB. — Applied 
Chemiitry.— Tiieory  of  Clieiautrr,— Chemiol  Ptoceart  and 
Aoilycia  are  the  fonndadon  of  aU  lb«  i-esc  of  Ilie  Bdena.-^ 
Chemiitry  eawntM  to  the  Intare  pitigroi  of  Mediolne,  Oeologr, 
ud  Fhyrioloc;.— FhiloKpbiisl  Metbod  of  Seseanli  Into  the 
TitAl  PtumoDiQia. — Great  adTuita^TA  already   derived  from 


LETTER  II. 

Fhlkiaoplilia]  nlaUou  of  Chemlsliy.— ImmRiritj  of  tha  Dnlratn. 
—Hind  tbe  aaiue  of  Holion.— Importance  of  the  itody  of 
Natnral  Lawa,  ludi  aa  tlioee  of  Chemical  ComtdmitiDil,  irlllk 


LETTER  IIL 

Hkttrj  of  Cbemiitrr.— It  ii  one  of  Ibe  oldeat  ot  lUe  Sdeneee.— 

J^TOIaier. — He  only  uaed  the  materials  collected  darlDg  pro- 
eedlne  i«ee,  and  altered  tba  Nomeiiclatare ;  hQt  diKovered  no 
now  body,— His  merit  lay  In  giting  to  tJie  old  Science  a  new 
qilrlt.— The  thirat  after  long  life,  happinna,  and  wealth.  In- 
beteot  in  man,  gave  riae  to  the  Bearch  after  the  Phllceopher'B 
atone.— Tms  nalora  at  Alidiemy.— Tbe  Alehemlati,  In  linov- 
ledge  of  Natural  Lava,  vere  In  advaDU  of  their  ContaopoTariea. 
— TratHinittatlnn  of  Kelalt,  a  «ery  natnral  idea  ia  thoae  agee.— 

UsgnDS,— Tbt  Phllaeopber'a  Btone.— Oold-makera  continued  to 


mreineiltable;  they  were  the  beet  itlalnablea 

to  Ibon  ««  owe  ■UlhemiHof  lai ' 

— *lDh«ny  na  the  dumiatiy  of  the  tiE 
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DIM.— The  wonders  of  modern  Science  eioeed  Uie 
areaniB  oT  Alcbemlito.— Probatiility  of  new  md  wondei 
coTeriH.— The  theory  of  Fhleglaton  elH  It  Dnirar: 
deupwHl.— It  WM  the  bat  nClaiaililB  before  Ihe  eBtiblieb 

CBiendisb.— Black.— LaToisier.— The  Alchemlils  had  1 
Hatter  end  iu  Properties ;  tbe  Fhloglitle  ChemlBtB,  I 
tloiu  of  thne  Pn^eitiea ;  and  tba  Antlploglstlo  Ctaem 
to  Si,  and  eipreaa  iu  BDioben,  the  degreei  of  theli 


Eaohingof  the  dark  agea. — Opp(»itiontD  oewldeaji. — Influence  of 
the  Church  on  8cleiice,—ColnmbBB.—CopemIcna.—Ini-ention  of 
PTinUng.— UniTendUM  fonnded,— Galileo.— Oieithrow  of  Ga- 
lenic HedEcioe,  and  of  the  ArietoUcian  Philoeopby.— FAsence  of 
these,  ThichiverfiarlglDHllyJuat  and  pTorbimd^eiieraliBatienfl. — 


Chemical  Afflnltf. 
Heat,  Ooheslfl 


LETTER  VII. 

IBH  of  deflnite  proportlmia.— Atomic  Theory.— Delnitlon  of  Fhy. 
■leal  and  Cbemleal  Atomi,  praetkallj  indlTleible  \ij  Mechanical 
and  lAemlca]  meana  reapRtiielj.— Camponnd  Alome  or  HolA- 
odlea.— Atomic  weighu.— DiaUncUon  beCweeD  the  fiota  and  the 


LETTER  VI. 


LETTER  VIII. 
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LETTEB  IX. 
bamliBl  Imp1mi«nti.~aUn.— Onk.— Flatlnnm.— Thdr  Import- 
■D«  lo  the  ChenliC.— The  BiLiius  eqnill;  IndlipeuBbl*.— 
AnalTtlaorHinnalL— ArUldilprodiKtioD  of  Mlnenli.— Attl- 
AcIb]  Ultruaariiw. — l^ftiolo^taal  ChemiHtry  tiiB  ProUcm  of  tb« 
pnwntdiy I 


PtoihtBm.— Tlie  Spheroidsl  tlitt  — 
and  & 

me  of  Oil  or  ntiiiduul  of  Tl 


LETTER  XL 
inshetDR  of  Soda  from  Salt ;  of  (HI  of  Vitriol.— TTin  of  OH  of 
Vitriol ;  in  Ihf  preparation  of  Soda  and  Muriatic  Acid ;  ol 
UuTlAtifi  Acid  In  preparing:  Bleaching  Povdcr  and  Bone  Qlaa ; 
of  Oil  of  Vitriol  in  nSning  ^m ;  In  tlie  making  of  Btearine 
Cindles,  Phoiphorna,  Lni^fer  Malohw,  Sw.— lmpnrlan»  to 
^igland  of  tiie  trade  in  Snlphnr.— Rimii,  hj'her  prolilbltMy 
tJtUHB,  hu  loatmurhorilie  tallow  ttade,  vtueli  bubMOiauil- 
idanted  I17  ItM  la  Palm  and  CoaoB.nnt  011a       .       .       .       .    1 


Tlieay  md  Fnetlce.— EleoCro-HagneUam  aa  a  martag  powe 
Eipoue  of  it ;  at  Zino  tompared  with  Coal*.— OompintlTS 
of  BcMnnt  Sngar  and  Can*  Bocar.— Proq>Hti  of  both.— 4 
ttnatal  tax  on  Cokmial  Sugar.— Hm  ekmoit  or  eoal  miiat  do 


omariam. — Poljmeriem.  —  Examples.  —  Ci-7tta111aation. — 
ptaoDi  bodieo.— Allolroplc  tmcdonnaUoni  of  olementa.- 
ofehiULgHlB  tJuanangonenteof  tliepartioloi. — iHOmoi] 


if  light.  Heat,  Cohoicm,  OnTlIj,  and  ths 
'—  -i  Heat,  both  on  InorgaDic  t    '  ^ 
if  Equillbriiun.— Direolion  of 
— OrganlD  AIOide  or  Uo1bcu1».— No  element  aa  anal 
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LETTER  XV. 

It 

Origin  of  Orffulo  Atonu ;  brm  Carbmlc  AM,  mtcr  nd  ■mmoolt. 
— DerivBUon  of  non-aKiIlsed  Venettibtc  proAictoftoin  Orbooln 
Add  ud  Witer  ti;  Deoildiilmi.— Cooplfd  GompoDnds.— Stuiy 
of  OtkuIs  BodiH,  ouHd  by  [tie  ution  of  Oilman,  u  wm  in 
oot  ftalt. — Patrefutkiauu]FermefiUtiond?^ii«diiDddBHiribed. 
— Vimnu  FennentaUoti  of  Bngu.— HfUtuDdlOaysimeDtUiDn. 
— FBcmenta.— FliTOnrof  Wlsaindapirtta       .       .       .       .    1 


LETTER  XVI. 
I  Cueliw  and  Che  Emulalon  of  Almonds  u  FeimBi' 
t>  or  the  latin  body  on  Salloine  and  ADiTgdaliiie.— 


— Hatnration  of  Fratta. — Formic  Arid  a  produot  of  the 
ulatloD  of  Fl[  I^avea.— Bkln  and  Membniaeg  agree  In 

le. — Ita  RJponlDg  ai  "  ~ 


of  motion.— It  ia 

Jrganie  Bodle>  be- 

of  decompoaitlon.— Tariona 


LETTER  XVII. 


IT  eJA«  oomlmation. — The  aotkm  of 
^allibilDm  of  Attraetko,  irbkli  li  not 
penuanentlr  mtond  till  Oxidation  ia  coDiiilele.— Pntrcfaedcu 

pla  Into  aimpler  MoleeolH.— CeoaT  la  Combuilion  at  ordlniirr 
tampcntorFB,  and  endi  In  ccmTertinc  the  flnt  ptodoeta  of  Patn. 
button  and  FermentatioD  Into  Carbonlo  Aold,  Water,  and  Am- 
Bumia,  the  original  fiiod  el  planle.— No  dMd  Organle  UaOaeai 

reaial  deeay,  it  nijgen   b ~  ■""' 

0(7gen  !■  rcplaoed  by  an  equal  Tonune  oi  u 
Bleaching.— Deoay  of  Animal  Halter.— Dteaj  oi 
Alcohol;  Aee<iastl<n.~Nitiiaoatlan,  the  ens 
■naab^-MiUng  or  nioea  ;  of  Bwr.~Banrlen 
Ita  BUperlca^ty. — Appllcatlcin  of  tha  aame  proee 
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LETTER  XVm. 


■DHgM,  &0.— Antldomto  tbeH  palBuu.— Diuignot  tti  m 


LETTER  XIX. 

a  tenntitkB  to  Fnngl,  rafOtod.— duneten 


B  liTlBg  111 

\ti.—TtnMie  tbeorj  of  ontigiDii  refoM.— ^conu  8»- 
'    " "u.— Umlta  of  TlM  ud  phjiisal  fans  .       .    S 


I   Phjiiiilofy  read 

Tlilna.  Ul*.  ko»  dlAr.— tlia  *Ual  EDtob  la  »methlDg  mors  than 
Qk  known  PliT^al  ud  ChonlosI  fonH.— Ndlhei  li  lbs  Tltil 
inn  ilooe  tblt  to  siplala  lb*  phtDoawu. — It  moit  oo-oixnta 
wWl  known  ftnflCA.— Erca  In  ngard  to  Kijiteal  and  diemkBl 
finw  littls  la  InTnm  UlTamiilrB  — frj-i-iii— «—  of  QliDb«>a 
Silt.— EdgiBTlngs  no^id  by  CtitmlMl  mMag.— Action  ot  the 
IttaodOsrpnaelefllnnflpfndoD, — Aaonrknowledgeitfthfiaatkiiia 

at  natonl  fimn  ia  TBrylmpailHit,  « 

tkoBtotlwei'  ~     ' 


LETTER  XXI. 

Boprital  pti^tflBtaof  niyalologiial  fldaaoea  If  ponqed  IndnotfrvlT.— 
MDtmil  idUkm  of  natniHl  Uwa,  Pby^Dal  and  Cbemioal.— 
Taxation  of  tJia  dendty  and  bolUng  point  of  Uqnida  according  to 
ttie  Tarlationa  In  tb^  oompodtlDD.— Examplea. — Halation  of 
Kpaolfla  Hoat  to  CompoalHon ;  lod  to  tlie  Tolooitr  of  Bonnd  la 
(aue.— Keladon  Dt  ElKtilc  Cornatg  to  Uagnellnn,  Heat, 
"■—"'■-'  Action,  ftc— Vital  propffiiiti  mmt  be  Ibm  nlatsd  to 
Dttwr  pnpertlca  oTmattir.— Pngnaaof  Anatondcid  FbyslolagT- 
-^fudomy  fltodlH  t^  appikntua,  but  onnot  explain  the  pm- 
otaa  nitbost  Cbemlatiy.— PioTinca  of  Cbemliti?.— EunplM 
Ot  Chamkid  eapbnalUKU  of  Fhralologial  beta;  aa  in  tha 
Choilatrj  ot  Uu  Uiiae^-boBwala  ti 
OlMaimlalng  nwrntir'  (annnla,— Huti  tnia  m 
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LETTER  XXIL 

SdnitlllottidjitfolxmreBubjKti.  Example.— Origin  of  th»  MM 
In  B|unUn«nu  Combiistioo  ol  the  Humu  Bod;.— AUegxd  auc* 
oflt;  ill  oljnerrcL— The  fact  uflDQiFd  Ob  Innaffldent  BTOundi. — 
In  all  the  eatt*,  a  li^bt  or  baniinff  fuel  has  been  ia  tke  room, 
■nd  in  no  caw  hu  the  comboMiDn  been  wilceued.- Fleah  ti  not 
eombiutible  till  dried,  and  then  It  1>  not  oombiutible  by  IIhI^ 
like  »Dod.—Liring  flab  cannot  bum,  nor  doM  Bteepinr  11  in  (St 

eomparatlTely  inGoinbufltible.^-The  EIectri»L  nicory  la  alhsge- 
ther  Cancinil. — The  Happosed  (am  ^enerallj  from  IntoxloL- 
tion ;  the  vktim  of  drink  fUl>  on  the  Are  or  seta  9ie  lo  ttie  bed 
or  f  nmitore,  and  la  aofflnated  and  his  body  portl  j  obaind        .    3 


LETTER  XXIII. 
^□trltlve  BDbatanceft,  Arictij  bo  called.- Action  of  the  Or^en  ol 
the  air  on  the  bod^.-^Kapiiatoi;  food. — The  Oxygen  BbBortwd 
in  the  luDgi  1>  entirely  giien  out  in  conblmilioa  with  Carhco 
and  Hydri^en. — Amoant  of  Carbon  dailj  conBuued  by  an  adult ; 
orOiygenreiiuired.—Ba^tat1(ai.— Sonne  of  animal  heat       .    I 


LETTER  XXIV. 
Anlm*!  heat  la  derived  from  ths  oiMatlon  of  Carbon  and  Hydrogen 
Inlhebody.— Thefoodiibumedin  thebody,aatfuellnafDmafle. 
— Effeoli  of  eitemal  ODDliag  on  the  amount  of  bod  reqaiied  to 
keep  up  the  beat  of  the  body. — A  atarring  man  eoon  yields  to 
oold.— Clothing  Dompeii»l«  10  s  certain  extent  for  food.  EAoIa 
of  ttarratlon  i  the  body  rapidly  oildlaed  and  omunmed.  Analt^ 
gona  phenomena  in  dieeaae.— The  aolid  and  liquid  eicreta  are 
Dot  putnecent,  but  partially  oiidlaed,  and  reprveot  the  aoot, 
emoke,  and  eehjCB  of  a  furnace.  Compeoaatlng  actlt^u  of  organic 
kldncya  azid  inteatinee;  luuge  and  liTei.  BeapiratlDa  li  the 
morlng  aprlng .,..-......{ 


LETTER  XXV. 
BUbota  of  respiration  on  the  ineplred  air.— Oeaeral  and  Fnlmonary 
dnmlatlon.^t^mpoaltion  of  expired  air. — Gaaea  abaorbed  and 
given  ODt  by  the  blood.  Importance  of  the  Chemical  charactera 
of  the  blood ;  of  Ita  alkalinity.  Exchange  of  tteygen  and  CU- 
bcnlc  add ;  it  cheoVed  by  eieeea  of  the  former.- Tme  canae  of 
death  fi-om  breathing  expired  air. — Importanoe  of  Ventilation.^ 
QqloUhne  may  be  UMd  aa  a  Bibal " 


ovGoOi^lt^ 


of  theiaBplna  Oi^eD  comUnawlth  HTdragoi.— Tha  odBolatHl 

CUboa  Bod  HjdiDticii,  out  ot  Ui<  bod;,  agrco  oloHlr  with 
tbiit  obtained  by  tbeir  oiidulan  In  the  body       ....    3 
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and  Blbutnpn,  tlab  and  UDDd»  are  du  Bams  In  compoeition. — 

Htth.— Caxdne.— Ita  nlitJoa  to  albomm  and  Bbrine,— Hutrltion 
ofCamlTora,  and  of  IbeaUfkllng  Mammalia;  DTGrwnlDiTOTa  and 
UerlnrDra,  eaBBntiaUythesazDC^Compoaltion  of  Uwlt  Food. — 
Vegetable  albDiatn,  fibrine.  and  cacdne,  Identlisl  wltb  Uie  cor- 
ropaadlng  animal  aubfltancea. — Tegetablea  produce  Oie  fooA  of 
Anlmala. — Animals  deatrojUils  food,  and  return  it  to  tba  air  and 


ts. — Froduotii  of  the  oxidation  ofal 


■loiM  form  tiuuei.— Tlie  nobnimgenoui  or  rnpimtoir  demen 
offi>od»  audi  aa  fat,  an  Ibnnleaa;  ud  fat  and  water,  In  tiADe 


LETTER  XXTII. 

BaqimarT  food.— F*t,  Botter.  S-agtr  of  HUk Starch,  OmcangaT, 

Oiapedngar,  *o.— Bngir  of  Milk.— Ita  piopEities ;  oiidlKible 
in  presence  of  Alkalies^  imderffoee  the  Lactle  FprniEntatioo  iu 
conlBct  with  Case]  ne;iHidenlicBlin[uni  poeicionivilh  grape-augar. 
—Starch ;  its  varieUea :  conyertible  into  deitrlne  and  grape, 
■ngar.— All  other  reaplTator;  food  containi  either  more  ar  lea 
water,  or  leu  Oiygen  than  Starch,  and  may  be  reduced  to  it  In 
calculation.— Table  of  tbe  nlaUva  pToporliona  in  different  fbrmi 
(ft  Animal  nnd  VegeLable  food,  of  plantic  or  sangulnlgenoiu  matter, 
and  of  reepirator?  matter,  caletilated  aa  Starch. — Best  propor- 
Uona  mpi^ed  b;  Nature  in  Milk  and  Grain,  or  in  some  kinds  of 
Fleah. — Inatinot  leade  men  ia  mix  their  rood  so  aa  to  obtain  a 
good  proportion. — Popular  mixtures,  Koch  as  Beana  aud  Ba«m, 

law.— Alcoboi  ae  a  reepiralorj  element  of  fuod.- Relation  of 
food  to  work  performed—RatlDna  of  Labouring  Men,  Boldiera, 
fct— Feeding  of  Stock ;  Falleniig.—The  plastic  matters  do  not 
ODDtrlbute  to  Hie  animal  heac— Tber  are,  as  Nittogenous  Com- 
ponnds,  ineombnttible,  except  when  there  ie  a  failure  of  (he 
BASJ^ratory  or  Combustible  matters  which  protect  them  tnm 
Oildatioo.— FoDCtiana  of  Sngar,  fee.— AcoDmnlaUon  of  Fal.— 
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II*  origfn  from  Bagir,  proliabiT  bj  Qa  HtUjn  of  •  Fermoit,  d»> 
liTsd  (Mm  tha  LlTsr.— Tulile  of  tha  eompaiMiTs  nam  at  Fat, 
Sttnli,  SqgarT  Akobol,  ud  Flnh,  In  regird  U>  the  bt$.t  deriT^ 
Able  frorn  them  In  Che  bodj.— FroportioD  of  }f  Ibn^en  Eo  Cubon 
In  th«  tlHiH  ud  eicnU E 

LETTER  XXVIII. 
willil  ImpiHiaaM  of  Hie  Hlncnil  or  iiMombiutlbla  Elements  of 
Feod.— The  AOim  at  T«getalil«  Food  en  the  Mm*  u  tboM  at 
Blood  udFUdL-'TlwBkxidlnTBliblr  Alkallna,  indthii  li  ■ 
onuUtloD  lanllil  to  Ita  FlniditT  nd  to  >U  ita  Fnnotiou.— The 
Alkaline  Mt  la  tlxFhimilutecfSod^  vUl«  In  all  the  TIhdh, 
■iKIfBthaJnioeof  FMi,the  PhoqihorloAddialneiiHej  but 
in  HerbtTDn  the  Fhoi^ule  li  putly  replued  by  uuttMr 
^ih.Hn.  tut,  Oie  CubooMa  of  Sodk— ImpottanM  of  Fluw. 
jbarie  Acdd  on  tlw  tU«1  pnocai. — A  bumledga  of  the  Aihce  of 
the  Food  Rubla  u  to  pndlet  the  presiie  Silt*  In  the  Blood,  tha 
Urine,  uidtheKilidaBint*.— TbeeoloMaMtiueAnmdinthe 
Urine;  thelneolnUalntluFBoear-^Selitloni  ottheesltaoftha 


«Uh  Anlmil  Food  and  with  Vtcetdite  F«od.— In  dlieue,  the 
Analysie  oF  the  Aahee  of  Diine  and  Blood  will  beoome  ■  TuloiUe 
■UtottaeFti7>loliui,— The  AlkHllBlty  of  Ihe  Blood  eaenillkl  to 
tba  Oxiditlon  or  the  Reftplmtor;  Foodt  4nd  of  the  prodoctiof  the 
oh«nfre  of  matter,  floch  aaUrlo  Add,  whleh,  although  fbnned, 
nerer  naohos  the  Eldneya  in  the  HerbEvora,  whMt  Vtirm  U 
AlkaUn*,— Salti  of  Vegetable  Acldt,  in  the  body,  beonna  Cu. 
bonatee.— The  cxci«tlon  of  the  true  Adda  in  the  Urine  of  Cbr- 
niTon  la  aaaential  to  pxwervt 
The  nitore  of  the  Blood  and  dI 
diet. — IioD  In  the  Food,  eaaent 
oommon  SdC  in  the  FOod  and 
Ua  naa,  and  gnitgrcUoni  on  thia  point.- 
BolTod  nlttDcanooa  bodita,  on  Una,  no,  . 
Baline  Solntjona. — Bflltctfl  oT  drinking  Spring 
tloD  of  Belt.— Salt  a  DHHevj  of  Ulb  . 
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Bread  and  Fleeli  ooanpaiad  ta  Food.— Jnloe  of  Fltahr-Krtnat  of 
Finh,  or  Portable  Soap,  coDtalna  all  tha  aaTonrj  parte.— The  re- 
iddoe  ia  tatteleM,  and  1^  IMal^  ouuut  anpport  life,— Rnlea  br 
bcdllnt  Meat,  and  fat  making  Soiqi.— CongUtnonn  of  the  Joioe 
ol  Flaih  on^  ImpeTteetl;  known.— AHmmen,  Eroadne,  Kna- 
tfaibie,  Inoainlo  and  Laetio  Adda,  Vi^tlla  Adda,  Inoalta,  Phoa- 
pbales  of  Potaah  and  Hignesta,  Chloride  of  Potaaalam  :  with 


ilhnneiamined.- From  Ihiajnke,  mnaele  la  fOrnud.— 
Inttn  AlbnmeniaatraDtit^oBrnim  AlbDman  of  Bkiod  to  the  FI- 
bctu  of  Fleah,  fte.— The  Blood  ftedi  the  JoIoe  of  Fleah;  the 
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joloe  fre^  thn  Flbm,  SerreK.  and  HemlmnH  of  ths  Hiucle. — 
Hence  tbe  tbIus  of  Soap,  of  the  One  Eilrust  of  Flesh,  ud  of 
Flesb  ttKir,  ag  fbod.—InipiiTluice  of  tnw  Eitnct  of  Flah  for 
Hospital!,  Armle*,  &c,— The  ForUblf  Soup  of  rwrnmenx  ma 
cbiefly  Gelatiite,  wblch  hu  no  nutritlTO  Talne,  uid  li  ruh«r  In. 
jorioofl. — Fore  Extract  of  Matt  loJffhtlHabimduitl^uidclunpl  J 
made  !□  AartrellB,  or  BhereYer  Meat  li  chwp.— Mrectioiu  tor 
■mklBg  it.— Ita  fteat  viloe  depend*  on  the  tnorgaaic  SubilancM 
or  Aate*,  for  the  lliivlnied  mitt  contain!  (u  loo  mnch  Phoi- 
phorii  Add,  and  too  little  Alkali. — The  lo«  of  Nuttitiie  laluein 
Salted  Heat  depndi  on  the  Eipnlgion  of  a  great  put  of  th< 
Juice.— Diaorent  kind!  of  Meat  diBer  In  Nutria™  valoe,- Ycal 
inferior  to  Beef,  and  why..— Importance  of  Iron. — ChecH,  Fiah, 
Halted  nah,  Eggi,  ue  lU  deflcinit  in  Alkaliea  and  Iron.— Ttda 
ii  probably  tbe  leawo  wliy  they  ar*  admitted  in  Ciaflng    .      •   i 

lUils  of  tli«  rebttlTe  proporiion  of  Nitrogen  lod  Cuban  in  Animal 
BabitaBee*,  bDm  Albumen  to  Drea — Chemical  relationa  of 
Albomen,  IttoiDe,  Claria^  Gelatine,  Chondrine,  Bile,  and 
OrliM.- Table  of  ttie  IbnnulB  deduced  bom  analjaea  alone.— 
nioatiMlmaofthdrde  '      *  '         ■       ■ 


ihonld  be  naed  inilead.-Baklng.—Teaat  preferable  to  Carbonate 
of  Boda  and  Horiatie  Add.— SabetituteB  for  Bread  in  timei  oT 
■cardty  are  dtber  merely  local  or  else  (allsoioiu.  nie  only  trae 
Rain  wonld  be  to  aave  vhal  ig  Ibromi  away  on  the  Bran,  and 
the  QlDten  waated  in  atarch.maniiractoricfl. — Superior  dlgefltl- 
Ulity  of  Bread  from  the  entire  Meal,  or  the  Fnmpemlckel  of 
Wettpb^la.— nie  Culizitry  Art  i>  amplrieaUr  fur  advanced.— 


TaliMorir 

eflbet  of  paiferty.^Total  abitainera  eat  Tery  mneb  more  than 
«lB»drlnk«B.— Uaes  of  Tea,  CoObe,  ChooolMa,  Jl«.— Ilidna,  ot 
OHUna,  oonpared  to  Eieatine  and  Sugar  of  Gelatine.— Uinenl 
dtmenta  of  Tea.  fto.— PrtceorHeatlnyearaotKardtyi  andof 
Bread.— Men  \Ml\t  to  Heat  muteat  a  great  deal,  and  take 
^iolaat  eierdse. — Importance  of  Agriotdtnre,  compared  with 


Sdswe  faobea  ths  eeoaomy  tf  force.- Ttndenej  of  Tichea  to  In- 
equality  of  dlitrlbDtloo,  and  tbentfi  to  uniiersal  drcalstion.- 
Monay,  in  tha  orfanian  of  tbe  Btate,  compared  to  tbe  blood 
corpvadea  In  the  body,  by  the  circolalioo  of  i^cb  the  ohange 
ot  Diattv  ii  effXit^  and  li&  kept  ap.— All  homan  actiona,  aa  ia 
prored  hy  the  tUtlHlai  of  Mnhi,  deatht,  Crimea,  and  jniUce, 
are  mder  aCrlot  natural  lawa.— True  adence  aeeertaina  these 
Itwi,  ud  teaohea  men  to  obiene  tfaem 
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LETTER  XXX.     ' 

Oigule  lift  la  Iba  Mean.— Sea-plants  lire  In  oiu  m«dlnin,  sot  In 
two,  like  land.plBati.— The  water  yielde  them  nil  thc^r  eloiwnla, 
—FimetionaltbenlllDluid  veEcUtloa;  (o  rnrnUlltheinlnenl 
elaomtfl  to  plants,  Ita  fertility  depebda  on  the  pKHnoe  of 
theK  In  an  iTeilalile  foim.  Eiery  croii  eihansti,  pro  lants,  tlM 
•oU;  ud  if  That  i>  reoioied  In  lUi  wa;  be  not  itiloRd,  Uu 
BolL  at  last  becomaa  barren,  AtiEmal  mannre  restonB  tli«a 
mattera,  derived  frcen  the  T^tetable  Food  whiflh  had  j^rowtl  oti 
the  aoU. — Excreta  wuted,  and  npliud  by  boDS  earth  and 

goano There  I>  do  vant  of  the  Atmoapherio  Food  of  planti, — 

CtuiKa  of  tlie  lunibmt  grontti  of  tropical  planta.— Perennial 
|danta  and  trta  reqnlre  lesa  Blinoral  Food  than  annuals  ud 
edible  ompi.— EActi  of  droaglit,  of  ndn,  of  maoDn^  in  uce- 
lenting  giowth,— Nats  on  the  tme  theory  of  Hanorea      ,       ,    1 

LETTER  XXXI. 


tion  moat  vary  Tlth  the  aoiL — EflteU  of  fallowtott: 
mol«  (he  disintegntlan  azid  BolnCian  ot  the  valuable  mi 
the  BcdL  -EffMta  of  ineretuing  mrfiDe  in  promating  thi 
of  the -weather 


LETTER  XXXn, 

ImptHtanee  of  Alkillea  and  Biliea,— Natural  SlUcatea  in  the  (cdl 
easy  oi  difficult  of  deeompoaltloti.  In  t^ov,  the  raln.mto', 
with  Ita  Carbonic  Acid,  gndoally  dlaioliea  then.— ninalratlons 
of  the  Solution  of  BllioUee  In  Acids.— Eflkiti  o[  lime  In  aiding 
this  action  t  TUostrated.' — Efl^ta  of  btmlnf  on  the  Sllloatea  at 
slay  toils,  and  of  peaty  BallB.~Eumple  of  this  In  a  stiff  banen 
olay,  tvndand  fertile  by  burning         ,,,,,.    4 

LETTER  XXXIII. 

MaDureB.^^>rigln  of  Animal  Manures. — The  excreta  oontala  the 
Salts  of  the  Fsod :  the  soruble  an  In  the  urine,  the  InaOltible  Id 
thedong.  Tbeeame  Salts  (Fhcaptiales,&c,)rromotherssonea 
are  equally  efBcaelDui,— Depoalla  of  bone  earth  In  Spain  ud  on 
the  Bhlne.— The  troe  problem  la  to  restore  Co  the  soil  all  v< 
remove  from  It.  Tlie  only  unavoidable  loei  lathal  of  the  Phos. 
pbatea  buried  in  our  grave*.  We  cu  tell  tiis  nature  of  Iba 
dong  from  the  fOad.  The  excreta  of  an  aninml  fed  oa  any  erq^ 
must  be  the  beat  manure  for  chat  crop.  They  are  equivalent  to 
the  ashes  of  the  food.— Kale  on  thi  Author'*  experience  and  on 
jUnHilHUDfea         .       .  i 
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LETTER  XXXIV. 

9iiiiTaearthsC*ibonudKltnigeaotFluit>:  thej  u*  dmlnd  from 
tlw  it)iu«|ili«n>  Ba  ti  prored  by  tha  Iket  that  fOmt  Und  pn>- 
dnoB  u  mDch  CBrbOB,  ud  mwdair  land  M  miufa  NilmceD,  t 
mumred  aralilfi  land  under  a  ToUtion  of  oropa^ — lmpcvtadc«  of 
Bain,  aa  the  letdcls  foi  UiB  Balta  of  the  hU.— The  anpplr  of 
Carbonic  Add  in  Iha  air  la  IneibaDatlble,  limited  only  bf  Uw 
■nrfca  oT  the  abBOrtdng  leaT«.— Ganac  of  U»  mriatloii*  in 

etna  and  Seedi  In  dry  and  melel  jemit BflM  af  Hnmiu  la 

the  aoii  two-Jold :  liy  Ita  decay  It  prodneeB  CarboDic  Acid,  whloh 
riM  iDla  the  air  and  la  abaorbed  tn  part  by  the  Imiea,  (Sd 
partly  ia  taken  up  by  the  raid-nat^  from  the  air  in  tlba  porea  of 
the  aoil,  and  then  acta  at  a  aolnnttar  the  Phoephalea  wd  C*i' 
boutUe,  Thla  la  its  moat  important  fiinotlont  tor  it  thoa 
baateni  the  early  proEreas  ot  the  plant,  aava  tiiae.  and  lendera 
the  planl  in  a  gr«l  d^ree  Independent  of  rain,  by  ^Ting  It  a 
Ur^  anpply  at  9nt  of  mineral  laKi.— Importance  of  time  tot 
edible  arope.  The  Hitn^ea  ia  all  derlTtd  from  Ammoida.— 
Table  af  the  proportion  of  Nitrogen  to  Carbon  in  dlffeient  cropa. 
—The  eipcrlmeDti  of  Bomaliigaiilt,  in  flfmc  yeuB,  with  three 
rotatlaila  af  (l»a  yeara,  or  rii  oropa.  The  average  reiull  of 
than,  the  land  heing  richly  mannred  at  the  beginning  of  eaoh 
ratatiao,  la,  Ihal  hmd  thu  caltiTsted  yUldi  leu  Nitrogen  la  the 
erope  tluin  meadow  land  irilhout  annual  or  Nltrogeniaed 
manure.     The  maniu'e  only  prevented  the  land   from  hein^ 

manure  la  only  of  uae  bceanae  it  ia  aecompanied  by  the  mitietal 
dements,  and  Ite  use,  like  that  of  homae  in  the  tall,  la  lo  lave 
time  In  the  cultivaBan  of  edible  orop*.  Hihe  loll  ot  mamuo  be 
defi^ent  In  Fboephale^  Alkatlee.  Sa^  no  adnntage  li  detfied 
ban  the  eddlUon  of  Ammrada.  The  eiportatiDn  af  nltroKeniHid 
pTOdueU  daea  not  ImpoTerish  the  boU,  if  Fhoephatea,  Su^  be 
BuppUed.— Examples  of  tblg.— The  amoanl  of  Nitrogen  In  a 
maoun  ii  no  trne  teat  of  itt  nine.— The  object  of  the  fanner 
ahenld  be,  to  ascertain  That  mineral  elemenle  he  remarea  in  hie 
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supply  the  iraete  of  Phoephatea  In  ou 

— Ouano  another  soorce  of  Fhnphatei Coprolitea  or  fbsall 

Ooaiu  in  England.—Iimeatoiie,  Her],  and  Uaa  alien  rkh  in 
Fluaphato.— OaaeauB  breoda  in  England.— Valae  of  all  theaa 
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APPENDIX. 

Ho.  1.— Hlitory  of  ths  Boy  with  the  aolden  Tooth  .       .       .    S 

No.  !.-LeUeT  from  QiUUo S 

Ko.  3,— Cbih  of  Potrid  Foerpenil  Fevei  la  Ihe  Lying-in  Hnpital, 

Vinmi S 

No.  4.— Elhcia  of  HttinK  the  fleib  oT  uiinuai  toituied  lo  deatb  .  S 
No.  I.— AgoH  cBuHd  by  itti£d>l  xrunpa  on  the  Btnutruig  and 

BwilelUUny i 

No, «.— Tt* 


Page  ISI,  line  M,/<jr  "  with  Uie  aid  "  nai  "  wilbont  th*  »id." 

Ptige  147,  line  4  from  bottom,  /rr  *'siilpbat«  of  lend"  mti  " anlphoret 


P^  SOS,  lino  a,/or"' 
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LETTERS  ON  CHEMISTRY. 


LETTER  I. 


Chbidstbt  ifi  BO  often  al^luded  to  in  modem  wridng*, 
that  it  ma  J  perli&pa  be  regarded  as  a  problem  of  Bome 
importance  to  iodicate  more  specially  the  influence  of 
this  Bcience  on  the  aaeful  arta  and  on  industry,  ai 
well  as  its  relatioDB  to  agrieolture,  physiology,  and 
medicine. 

I  would  desire,  in  the  first  section,  to  eetablteh  the 
conrietion,  that  Chemiatty,  as  an  independent  Bcbnce, 
oSera  one  of  the  most  powerful  means  towards  ihe 
attainmeat  of  a  higher  mental  eultiTation  ;  that  the 
■tody  of  Chemistry  is  profitable,  not  only  inasmuch  as 
it  promotes  the  material  interests  of  mankind,  hut 
also  because  it  famishes  ns  Math  insight  into  tbose 
wonders  of  creation  which  immediately  surround  us, 
and  with  which  aur  existence,  life,  and  derelopment, 
are  most  closely  conneoted. 

It  is  so  congenial  to  the  erer-active  human  intellect 
U>  inquire  into  the  causes  of  natural  phraomena,  and 
into  the  changes  which  we  daily  observe  in  all  that 
surrounds  us,  that  those  sciences  which  give  satisfac- 
tc^  ajiswers  to  our  inquiries  exercise  more  influence 
on  the  progress  of  mental  cultivation  than  any  others. 
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2  LETTERS  ON  CHEMISTRY. 

Chemistrj,  as  a  part  of  the  science  of  Natural 
PbiloBophy,  is  most  intimately  connected  with  phjBicB  ; 
and  this  latter  acience  is  as  closely  related  to  astro- 
nomy and  to  mathematics.  The  simple  observation 
of  nature  forms  the  fouDdatJon  of  every  branch  of 
natural  science,  and  observation  has  only  very  gradually 
assumed  the  form  of  science.  Thus  the  relations  of 
tight  to  the  earth,  the  succesMon  of  day  and  night, 
and  the  variations  of  the  seasons,  gave  birth  to 
astronomy. 

As  the  human  mind  advances  in  knowledge,  from 
whatever  source  that  knowledge  may  he  derived,  all 
its  powers  arc  strengthened  and  elevated ;  and  its 
progress  in  all  other  directions  thus  promoted.  The 
eiact  knowledge  of  the  relation  connecting  certain 
phenomena,  the  acquisition  of  a  new  truth,  is  equiva- 
lent to  a  new  sense,  enabling  us  now  to  perceive  and 
recognise  innumerable  phenomena,  which  remain 
invisible  or  concealed  to   others,    as  they   formerly 


In  the  progressive  growth  of  Mtronomy,  physics  or 
mechanical  science  was  developed,  and  when  this  had 
been,  to  a  certain  degree,  successtiilly  cultivated,  it 
gave  birth  ta  the  scienee  of  chemistry.  And  now 
we  may  anticipate  that  from  obsahic  gheuistbt  the 
laws  of  life — the  science  of  physiology — will  be 
developed. 

But  it  most  not  be  forgotten  that  our  predecessora 
determined  the  duration  of  the  year,  explained  the 
changes  of  the  seasons,  and  calculated  eclipses  of  the 
moon,  without  any  acquaintance  with  the  laws  of 
gravitation ;  that  people  have  built  mills  and  con- 
structed pumps  without  knowiug  anytlung  of  atmo- 
spheric pressure ;  that  glass  and  porcelain  were 
manufactured,  stuffs  dyed,  and  metals  separated  from 
their  ores  by  mere  empirical  processes  of  art,  and 
without  the  guidance  of  correct  scientific  principles. 
Even  geometry  had  its  foundation  laid  in  experiments 
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and  observations  ;  most  of  its  theorems  had  been  Been 
in  practical  examples,  before  the  science  was  esta* 
bibbed  by  abstract  reasoning.  Thus,  that  the  square 
of  the  hjpothenuse  of  a  right-angled  trisjigle  is  equal 
to  the  sum  of  the  squares  of  the  other  two  sides,  was 
an  experimeDtal  discovery,  else  why  did  the  discoverer 
sacrifice  a  hetacomb  when  he  made  out  its  demon- 


How  different  now  is  tlie  aspect  of  the  discoveries 
of  the  naturalist,  since  the  inspiration  of  a  true 
philosophy,  whether  it  be  called  physics,  chemistry, 
matbematics,  or  any  other  science,  has  led  him  to 
investigate  phenomena  in  order  to  draw  conclnuons 
as  to  their  eaiiseg  and  the  laws  which  regulate  them. 
From  one  sublime  genius — from  Newton — more  light 
has  proceeded  than  the  labour  of  a  thousand  years 
preceding  had  been  able  to  produce.  The  true  theory 
of  the  movements  of  the  heavenly  bodies,  the  law 
which  regulates  the  fall  of  bodies,  i.  e.  gravitation,  has 
become  the  parent  of  innumerable  other  discoveries. 
Navigation,  and,  in  consequence,  commerce  and 
industry,  nay,  every  individual  of  our  species  has 
derived,  and  will  continue  to  derive,  as  long  as  man- 
kind  exists,  incalculable  benefits,  both  intellectual 
and  material,  from  his  discoveries. 

Without  an  acquaintance  with  the  history  of  phywcs  7 
it  is  impossible  to  form  any  correct  opinion  of  the 
efiect  which  the  study  of  nature  has  exercised  upon 
the  cultivation  of  the  mind.  In  our  schools  mere 
children  are  now  taught  truths,  the  attainment  of  which 
has  cost  immense  labour  and  indescribable  efforts. 
They  smile  wheu  we  tell  them  that  an  Italian  philo- 
sopher wrote  aa  elaborate  treatise  to  prove  that  the 
snow  found  upon  Mount  jEtna  consists  of  the  same 
substance  as  the  snow  upon  the  Alps  of  Switzerland, 
and  that  he  heaped  proof  upon  proof  that  both  these 
snows,  when  melted,  yielded  water  possessed  of  the 
same  properties.     And  jet  this  conclusion  was  really 
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'"-""r^  not  90  very  palpable,  since  the  temperature  of  the  two 
climates  ao  widely  difibr,  aod  no  one  in  those  daya  had 
any  Dotion  of  the  diffusion  <A  heat  orer  the  Burface  of 
the  earth.  When  a  schoolboy  takes  a  glassful  of 
liquid,  and,  [dacing  a  loose  piece  of  paper  orer  it,, 
inverts  the  glass  without  spilling  a  drop  of  its  eon- 
tents,  he  only  astonisfaea  another  child  by  his 
performance,  and  yet  this  is  the  identical  erperiment 
ixjwhtch  renders  the  name  of  Torricelli  immortal.  It 
is  a  variation  of  that  experiment  with  which  the 
burgomaster  of  Magdeburg  (Otto  von  Gnericke)  threw 
the  Emperor  and  the  princes  of  the  empire  at  ' 
Ratiahoa  into  speechless  astonishment.  Our  children 
have  more  correct  notions  of  nature  and  natural 
phenomena  than  had  Plato  I  they  may  treat  with 
ridicule  the  errors  which  Pliny  has  committed  in  his 
Natural  History  I 

By  the  study  of  history,  of  philosophy,  and  of  the 
classics,  we  obtain  a  knowledge  of  the  intellectual 
world,  the  laws  of  thought,  of  mental  inquiry,  and  of 
the  spiritual  nature  of  msa.  Whilst  we  bold  com- 
muniqn  with  the  spirits  oS  the  great  and  good  of  all 
ages,  we  derive  from  the  experience  of  past  centuries 
the  power  of  soothing  and  governing  the  passions,  and 
of  softening  the  heart :  we  are  enabled  to  comprehend 
maa  as  he  exists  at  tbe  present  time,  since  bis  moral 
nature  remains  ever  the  same.  We  are  taught  to 
embeiliah,  and  present,  in  the  most  engaging  forai, 
the  principles  of  truth,  of  justice,  and  (^  religion,  and 
thoB  to  make  the  most  enduring  impression  upon 
the  minds  of  others.  History  uad  philosophy,  how- 
ever, could  not  prevent  men  from  burning  their 
feUow-creatures  for  witchcraft.  For  when  the  great 
Eepler  went  to  Tubingen  to  save  his  mother  from 
the  stake,  he  succeeded  only  hy  proving  that  she 
possessed  none  of  the  characteristic  signs  essential  to 
»  witch ! 

Only  about  seventy  years  ago  was  chemistry,  like 
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a  grain  of  seed  fiom  a  ripe  fmit,  leparBted  from  the 
other  physical  Bciences.  With  Black,  Cavendisli,  (tod 
Priestley,  ita  new  era  began.  Hedicine,  pharmacy, 
and  the  useful  arts,  bad  prepared  the  soil  upon  which 
this  seed  was  to  germinate  and  to  flouriBh. 

The  foundation  of  the  icienoe  is,  ai  is  well  known, 
an  apparently  very  simple  tfadoff  »f  the  phenomena  of 
combustion.  We  have  now  ezperiencied  the  great 
baiefits  and  blessings  which  hare  spmng  and  been 
diffused  from  this  view.  Since  the  discorery  of  oxygen 
.  .the  civiUaed  workl  has  nndergone  a  revolution  in 
manners  and  customs.  The  kmiwledge  of  th«  com- 
position of  the  atmoaphere,  of  the  solid  emat  of  the 
earth,  of  water,  and  of  their  influence  upon  the  life  of 
plants  and  animals,  was  linked  with  that  discovery. 
Tbe  successful  pursnit  of  innumerable  trades  and 
manufactures,  the  profitaUe  s^iaration  of  metals  from 
their  ores,  abo  stand  in  the  closest  connection  there- 
with. It  may  well  he  said  that  the  material  prosperity 
ttf  empires  has  increased  many-fold  since  the  time 
oiygen  became  known,  and  the  fortune  of  every 
individual  has  been  augmented  in  proportion,  '^very 
discoveiy  in  chemistry  has  a  tendecKy  to  bring  fordi 
wnilar  fruits.  Every  applicatiau  of  its  laws  is^apaUe 
of  producing  advantages  to  the  state  in  some'  Tiny 
<)r  other,  augmenting  its  powers,  or  promoting  ita 
welfare. 

In  many  respects  chemistry  is  analogous  to  mathe- 
matics. On  the  one  hand,  this  latter  science  teaches 
us  to  measure  land,  to  erect  buildings,  and  to  raise 
weights,  and,  like  arithmetic,  it  is  an  instrument, 
die  skilful  employment  of  which  secures  moat  obvious 
and  universal  advantages  ;  on  the  other  hand,  mathe- 
matics enable  us  to  draw  correct  logical  conclusions 
according  to  definite  rules,  teach  us  a  peculiar 
language,  which  allows  ns  to  express  a  series  of  such 
eoticlusions  in  the  moat  simple  manner,  by  lines  and 
symbols  intelligible  to  every  one  who  knows  thia 
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languftge ;  give  ns  tbe  power  to  deduce  tnitlis  by 
neBiiB  of  certain  operations  with  these  lines  and 
Bjinbob;  and  furnish  us  with  an  ineighfriuto  relations 
of  things  formerly  obscure  or  unknown  to  us.  The 
mechanician,  the  natural  philosopher,  the  astronomer, 
employ  mathematics  as  an  indispensable  instrument 
for  the  attainment  of  their  ends.  They  must,  indeed, 
he  eo  practised  in  its  management  that  its  application 
becomes  a  mechanical  habit,  requiring  only  the 
exercise  of  memory.  But  it  is  not  tbe  mere  instru- 
ment which  plans  and  ozecntee  the  work,  hut  the 
human  intellect.  It  is  obvious,  that  without  the 
power  of  obserration,  without  sagacity,  alt  mathe- 
matical knowledge  is  useless.  We  may  imagine  a 
man  who,  favoured  hy  a  good  memory,  has  rendered 
himself  intimately  acquainted  with  every  theorem  of 
mathematics,  who  has  obtained  an  eminent  degree  of 
skilfulness  in  handling  this  instrument,  but  who  is 
altogether  unable  to  iurent  a  problem  for  solution. 
If  we  propose  to  him  a  problem,  and  thus  give  him 
the  conditions  for  tbe  solution  of  a  question,  he  will 
succeed  in  obtaining  an  answer  by  performing  the 
current  operations  with  which  he  is  familiar,  and 
express  it  in  a  formula  consisting  of  certain  symbols, 
the  meaning  of  which,  however,  is  perfectly  unintel- 
ligible to  him,  because  he  is  deficient  in  other  attain- 
ments essential  for  judging  of  its  truth.  Such  a  man 
is  a  mere  calculating  machine.  But  as  soon  as  he 
possesses  tbe  capacity  and  the  talent  of  proposing  a 
question  to  himself,  and  testing  the  truth  of  his  calcu- 
lations bj  experiment,  be  becomes  qualified  to  inves- 
tigate nature.  For  from  whence  should  he  derive  his 
problems  if  not  from  nature  or  from  life  ?  He  is 
denominated  a  mechanician,  an  astronomer,  or  a 
natural  philosopher,  if,  starting  from  observation,  he 
is  able  to  ascertain  the  connection  of  certain  phe* 
nomeua  and  the  causes  producing  them  ;  and  then  is 
capable,  not  merely  of  expressing  the  results  in  a 
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onnala,  in  the  Ittng^oftge  of  the  mftthetnatician,  but 
of  making  an  application  thereof,  reprodacing  his 
formula  inthe  ehape  of  aphenomenon  or  external  fact, 
thereby  testiDg  its  truth.  The  aetronomer,  the 
mechanician,  the  natural  philosopher,  therefore,  in 
addition  to  mathematica,  which  they  use  only  as  an 
inatrainent,  must  possess  the  art  of  obserring  and 
interpreting  phenomena,  and  the  ability  to  present 
the  results  of  abstract  reasoning  in  a  visible  stupe  by 
means  of  a  machine  or  some  form  of  apparatus  ;  in 
fact,  to  prove  the  correctness  of  their  conclusions  by 
experiment.  The  natural  philosopher  proposes  to 
himself  the  solution  of  a  problem, — he  endeavours  to 
ascertain  the  causes  of  a  given  phenomenon,  the 
variations  it  midergoes,  and  the  conditions  under 
which  these  changes  take  place.  If  his  questions 
have  been  correctly  put,  and  all  the  circumstances 
(the  factors)  taken  into  account,  he  succeeds  in 
obtaining,  by  the  aid  of  mathematical  processes,  a 
Bimple  eipressioQ  for  the  unknown  quantity  or  rela- 
tioa  which  has  been  the  object  of  his  search.  This 
expreeaion  or  formula,  translated  into  ordinary  lan- 
guage, explains  the  mutual  connection  of  the  observed 
plienomena,  or  of  the  experiments  which  be  has  insti' 
tuted ;  and  the  formula  is  correct  when  it  enables  him 
to  produce  a  certain  series  of  new  phenomena  which 
are  deductions  from  it. 

It  is  easy  to  perceive  how  the  mathematica  stand 
connected  with  the  study  of  nature  ;  and  that,  besides 
mathematics,  a  high  degreeof  imagination,  acutenesa, 
and  talent  for  observation,  are  required  to  make  useful 
discoveries  in  astronomy  and  ot^er  physical  sciences. 
It  is  a  vulgar  fallacy  to  ascribe  discoveries  to  mathe- 
matics. It  happens  here,  as  in  a  thousand  other 
eases,  that  the  effect  is  confounded  with  the  cause. 
Thus,  effects  we  often  ascribed  to  the  steam-engine, 
which  are  properly  due  to  fire,  to  coals,  or  to  the 
human  intellect.      In  order  to  make  discoveries  in 
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mathematicB,  the  same  mental  vigour,  the  some 
kcutencss,  the  same  power  of  thought  are  neeessnr;, 
as  are  essential  to  the  solution  of  the  other  difiereiit 
problems,  Baoh  discoveries  in  mathematicB  are  th« 
BUCceseiTe  steps  towards  the  perfection  of  the  instrii' 
meat,  by  which  it  is  rendered  capable  of  innumerable 
useful  applications,  but  the  instrument  alone  makes 
no  diseoreiies  in  natural  science.  It  makes  use  of 
data  fnmished  to  it,  of  facts  observed  by  the  senses, 
and  of  ideas  created  by  the  mind.  Experimental 
natural  philosophy  stands  io  this  sense  in  contrast 
with  mathematical  natural  philosophy.  It  is  the 
foimor  which  discovers,  examines,  and  prepares  facts 
for  the  mathematician.  The  task  of  experimental 
physics  is  to  express  the  laws,  1:he  general  truths 
deduced,  in  the  form  of  phenomena,  to  illustrate  the 
mathematical  formulta  by  eaperiments,  to  make  them 
manifest  to  the  senses. 
_ChemiBtiTj^  answering  he^wn/ questions,  pro- 
'  oeeSs^jS^^tesame  manner  as^xp^mental  ph^ics. 
She  Reaches  the  methods  of  discoreriDg  and  deter- 
mining  the  qualities  of  the  various  substances  of  which 
the  crust  of  the  earth  is  composed,  and  which  form 
the  constituents  of  animal  and  vegetable  organisms. 
We  study  the  properties  of  bodies,  and  the  alterations 
they  undergo  in  contact  with  others.  All  our  obser- 
vations, taken  collectively,  form  a  language.  Every 
property,  every  alteration  which  we  perceive  in  bodies, 
is  a  word  in  that  language.  Certain  definite  relations 
are  manifested  in  the  deportment  of  bodies  toj^rd 
each  other  ;  we  observe  a  similarity  of  form,  or  ana- 
logy of  properties,  or  diversities  in  both  respects. 
Such  diversities  ore  as  numerous  and  various  as  the 
words  of  the  most  copious  language,  and  they  are  no 
less  varied  in  their  signification  and  in  the  relations 
which  they  bear  to  our  senses. 

Bodies  differ  in  quahty  ;  the  meaning  conveyed  to 
us  by  their  properties, — to  pursue  the  illustration, — 
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ehajtgea  aceordiog  to  tlie  mode  in  which  these  ele- 
ments are  arranged.  Ab  in  all  other  laoguages,  so 
we  hare  in  that  language  in  which  material  hodiea 
bold  conTerae  with  db,  articles,  BubataDtiTM,  and 
verbs,  with  their  Tariations  of  cases,  declemioDS,  and 
eoDJugations.  We  have  also  many  ijnonjmes  ;  the 
aame  quantities  of  the  same  elements  produce  a 
poison,  a  remedj,  or  an  aliment,  a  volatile  or  a  fixed 
body,  according  to  their  manner  of  arrangement. 

We  know  the  signification  of  the  properiiee  of 
bodies,  that  is,  of  the  letters  and  words  in  which 
nature  speaks  to  us,  and  we  nse  the  alphabet  to  deci- 
pher and  to  read  them  ;  as,  for  instuce,  a  foontain 
of  mineral  water  in  Savoy  cores  that  remarkable 
enlar^ment  of  the  thyroid  gland  denominated  goitre, 
— I  put  certain  questions  to  that  water,  the  combina- 
tion of  the  several  letters  in  its  answers  informs  me 
that  it  contains  iodine.  A  man,  having  partaken  of 
some  food,  dies  soon  after,  with  all  the  t^mptoms  of 
poisoning.  The  langoege  of  phenomena,  with  which 
the  chemist  is  familiar,  tells  him  that  ars«iic,  or  cor- 
rosive sublimate,  or  soma  other  body,  was  the  eadse 
of  death. 

The  ohemist,  hy  his  questions',  compels  a  mineral 
to  ^)eak,  to  disclose  its  composition  ;  it  tells  him  that 
it  contains  sulphur,  iron,  chromium,  silica,  alumina, 
or  any  other  word  of  the  chemical  language  of  phe-  '^' 
nomena,    arranged  in  a   certam    order.      This    is 

CHBHICAL  ANALTSia. 

Then,  again,  the  language  of  phenomena  leads  the 
chemist  to  new  combinations,  from  which  he  derives 
innumerable  useful  truths  that  are  applicable  to  the 
improvement  of  manufactures  and  arts,  to  the  prepa- 
ration of  remedies,  and  to  metallurgy.  He  has  suc- 
ceeded in  deciphering  the  word  uUramarine.  The 
next  step  is  to  construct  this  word  in  a  tangible  form, 
to    reproduce    ultramarine   with  all    its    properties. 

This  is  APPLIED  CEEMIBTBT. 
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Hitberto  Bcarcely  any  demand  faaa  teen  made  npon 
the  science  of  chemiBtry,  by  wts,  manufactures,  or 
physiology,  vbioh  has  not  been  responded  to.  Every 
question,  clearly  and  definitely  put,  has  been  satis- 
factorily ansirerad.  Only  when  the  inquirer  had  no 
precise  idea  of  the  problem  to  he  solved  has  he 
remained  unsatisfied. 

The  last  and  most  elevated  object  of  chemistry  is 
the  investigation  of  the  canses  of  natural  phenomena, 
of  their  variations,  and  of  those  factors  which  are 
common  to  different  series  of  phenomena.  The 
chemist  ascertains  the  laws  which  regulate  natural 
phenomena,  and  by  combining  together  all  that  is 
observable  and  has  been  observed  by  the  senses,  he 
at  last  attains  to  a  general  intellectual  expression  for 
the  phenomena, — in  other  words,  tA  a  thbory. 

But  to  enable  us  to  read  the  book  of  nature,  to 
understand  its  language,  to  perceive  the  truth  of  the 
theories  of  the  philosopher,  to  subject  to  our  will,  and 
examine  at  our  pleasure,  the  phenomena  upon  which 
a  theory  is  based,  and  the  powers  producing  them,  we 
must  necessarily  learn  the  alphabet  of  the  langaage, 
we  must  become  familiar  with  the  use  of  the  signs 
or  symbols  employed,  and  by  practice  acquire  skiU 
in  their  management,  and  a  knowledge  of  the  laws 
which  regulate  their  combiaations.  As  in  the  higher 
branches  of  phyHics  it  is  indispensable  that  the  philo- 
sopher should  have  attained  considerable  practical 
skill  in  mathematieal  antdytit,  so  the  chemist,  before 
he  can  investigate  natural  truths  successfully,  must  ■ 
have  the  most  perfect  knowledge  of  cfiemical  analytit 
—he  must  be  able  to  express  all  his  conclusions— all 
his  results — in  the  form  of  phenomena.  Every  expe- 
riment is  a  thought  tbns  rendered  perceptible  to  the 
senses.  In  order  to  prove  or  disprove  our  conclusions 
we  have  recourse  to  experiments,  to  the  interpretation 
of  phenomena  at  will. 
f    There  was  a  time  when  chemistry,  in  common  with 
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qatronomj  and  all  the  phjaical  sciences,  was  nothing 
more  than  &d  art,  founded  on  empirical  practice, 
subject  only  to  rules  discovered  bj  experience  ;  but 
since  the  causes  of  the  changes  in  bodies  which  it 
effiects,  and  their  laws,  i.  e,  the  reasons  of  its  rules, 
have  become  known,  the  empiric  art  has  lost  its  value 
and  importance.  The  acqnisition  of  skill  in  nanipn- 
lation  b;  laborions  and  long-continued  application, 
the  tedious  methods  and  endless  precautionary  mea- 
sures formerly  necessary  to  success  in  chemical  manu- 
factures, have  become  wholly  needless  since  a  correct 
knowledge  of  causes  has  been  obtained.  The  strange 
apparetuH  and  ntcDsils  of  the  chemist  of  former  ages, 
their  stoTes  and  stills,  are  notr  mere  matters  of  curi- 
osity. The  success  of  an  experiment,  or  of  a  process, 
depends  far  less  upon  mechanical  skill,  than  upon 
knowledge.  Failure  is  the  result  of  ignorance,  and 
discoveries  are  made,  not  by  manoal  deitentj,  bnt 
fay  skill  in  combination,  and  by  t^at  intellectual!  t'4'A_',j 
power  which  creates  new  thoughts.  ^  ' 

In  our  lecture-rooms  we  teach  the  letters  of  the 
alphabet ;  in  our  laboratory  their  use.  It  is  in  the 
latter  that  the  student  acquires  a  readinesB  in  reading 
the  language  of  phenomena,  that  opportunities  are 
furnished  to  him  of  learning  the  rules  of  oombinations, 
of  applying  them,  and  of  g»ning  a  ready  dexterity  in 
their  application.  As  soon  as  these  signs,  letters,  and 
words  have  become  formed  into  an  intellectual  lan- 
guage, there  is  no  longer  any  danger  of  their  being 
lost,  or  obliterated  from  his  mind.  With  a  know- 
ledge of  this  language  he  may  explore  unknown 
re^ons,  gather  information,  and  make  discoveries 
wherever  its  signs  are  current.  This  language 
enables  him  to  understand  the  manners,  customs, 
and  wants  prevailing  in  those  regions.  He  may, 
indeed,  without  this  knowledge,  cross  the  frontiers 
of  the  known,  and  pass  into  the  unknown  territory  ; 
but  he  exposes  himself  to  innumerable  miaunder- 
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staadinga  and  errors.  He  asks  for  bread,  &nd  be 
receWea  a  stone. 

Medicine,  PKytiology,  and  Geology  are  the  unex- 
plored re^^ons,  the  forma  of  government,  laws,  and 
institutions  of  which  the  philosopher  is  desirous  of 
learning.  Without  a  knowledge  of  the  language  of 
ph^ioraena,  and  the  art  of  interpreting  it,  there  is 
nothing  for  him  to  diMOver  but  mere  forms  and 
external  qualities. 

Is  it  not  obvious  where  the  defects  of  physiology 
lie  ?  Do  we  not  perceive  the  internal  conviction  of 
our  greatest  physiologists  in  every  experiment  they 
make,  in  every  word  they  utter  t  The  mere  know- 
ledge of  external  forma  and  pfayaical  properties  no 
longer  satisfies  them  ;  thej  are  deeply  impressed  with 
the  importance,  naj,  the  indispensable  necessity,  of 
a  more  profound,  more  intimate,  more  chetmcal  in- 
sight into  the  composition  and  changes  of  organic 
bodies.  £ut  is  such  an  insight  possible  without  the 
knowledge  of  the  chemical  language  ? 

If  other  and  less  highly^ifted  physiol<^st8  miun- 
tain  that  chemistry  is  incapable  of  any  useful  appli- 
cation to  their  science,  this  is  a  most  unjust  reproach, 
since  they  understand  neither  the  meaning  nor  the 
Tidue  of  chemistry.  They  can  no  more  read  tta 
language  than  they  could  a  woric  written  in  Hebrew 
characters  without  having  previously  learned  those 
characters. 

It  is  not  unworthy  of  remark,  that  many  physicians 
profess  to  hold  chemistry  in  contempt,  exactly  as  tbey 
do  with  physiology  ;  that  medicine  reproaches  phy- 
siology, and  with  equal  injustice,  as  she  reproaches 
chemistry.  The  physician  who  has  learned  medicine, 
not  as  a  science,  but  as  an  empirical  art,  acknow- 
ledges no  principles,  but  only  rvle$  derived  from 
experience.  The  object  of  his  inquiries  is  only 
whether  a  remedy,  in  any  given  case,  had  a  good 
or  a  bad  effect.     This  is  alt  the  empiric  cares  about. 


c.an:a(,GoOgk 


IT  IS  ESSENTIAL  TO  PHYSIOLOGY.  13 

He  never  asks  why  ?     He  never  iaqnirea  into  the 
eaiuet  of  wh&t  he  observes  ! 

From  wh«t  a  different  point  of  Tiev  Bhould  w« 
contemplate  the  abnormal  or  diaefteed  conditiona  of 
the  buDian  bod;,  if  we  were  first  thoroughly  ac- 
quainted with  its  normal  CMiditione,  if  we  had  eata' 
hliahed  the  science  of  phyaiolegj  apon  a  aatiafactorf 

How  differently  would  the  treatment  of  diaeases  be 
conducted  if  we  had  perfectly  clear  notiona  of  the 
processes  of  digeation,  asaimilation,  and  excretion. 
Without  jnat  views  of  force,  cauae,  and  effect — with- 
out  a  clear  inaight  into  the  very  easence  of  natural 
pheoomeDa — without  a  solid  phyaiologicat  and  che- 
mieal  educatitm,  is  it  to  be  wondered  at  that  men,  in 
other  rejects  rational,  shonld  defend  the  moat  sbaurd 
notions  ;  that  the  doctrines  of  Hahnemann  ahonld  pre- 
vail in  Germany  and  find  disciples  in  all  countriea  ? 
Reas<Hi  alone  will  not  prevent  whole  nations  from 
filling  into  the  most  abject  superstitions,  whilst  even 
a  child  whose  mind  haa  been  duly  developed  and 
instmcted  will  repudiate  the  fear  of  ghosts  and  hob- 
goblins. 

Can  men  who  do  not  aj^rehend  the  nature  of  scien- 
tific iiiieatigattoD  in  a  [^ilosophical  spirit,  and  who 
cannot  int«^ret  the  language  of  phenomeos, — can 
anch  men  be  expected  to  derive  the  least  advantage 
&om  the  diacoTcriea  of  chemiatry  or  physiology  ;  and 
can  they  be  deemed  capable  of  making  tiie  moat 
insignificant  application  to  practical  purposes  of  those 
discoTeries }  We  often  seo  auch  persons  annoyed 
that  truth  should  be  so  simple,  and  yet.  in  deapite 
of  all  their  efforts,  they  cannot  succeed  in  deriving 
from  it  any  practical  advantages.  From  auch  persons 
emanate  the  moat  abaurd,  nay,  impoaaible  notions, 
and  they  have  created  fw  themaelveB,  under  the 
name  of  the  vu  vita,  a  miraculons  thing  by  which 
thej   would   explain  all    the   phenomena    they   are 
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unable  to  understand.  With  a  totally  incotnprelien- 
eible,  indefinable  something,  they  would  arrest  inquiry 
and  explain  everything  which  is  not  comprehensible. 

But  this  vis  vit(B  is  itself  but  a  subject  of  investiga- 
tion, and  in  order  to  explore  it,  to  comprehend  ita 
essence,  to  understand  its  operations  and  effects,  the 
physician  must  pursue  the  same  method  which  has 
been  followed  in  natural  philosophy  and  chemistry 
with  such  signal  success. 

There  was  certainly,  at  one  time,  no  state  of 
matter  more  obscure,  more  completely  hidden  from 
the  corporeal  and  intellectual  eye  of  man,  than  that 
which  we  denominate  electricity,  A  thousand  years 
elapsed  irom  the  birth  of  natural  philosophy  ere  the 
human  mind  had  obtained  the  slightest  notion  of  the 
existence  of  this,  the  most  stupendous  power'tn  nature, 
a  power  performing  the  most  important  part  in  all  the 
alterations  of  inoi^nic  matter,  and  all  the  processes 
of  vegetable  and  animal  life.  The  philosopher,  un- 
deterred by  innumerable  difBculties,  has  at  length 
ohtfuned,  as  the  reward  of  his  untiring  researches, 
a  most  intimate  knowledge  of  electricity,  and  fasa 
made  it  his  handmaid.  By  a  knowledge  of  electricity 
he  is  enabled  to  direct  the  course  of  the  lightning, 
and  to  extract  the  noble  metala  from  the. poorest 
ores.  By  means  of  this  force  he  was  first  enabled 
to  ascertain  the  true  nature  of  the  constituents  of 
the  solid  matters  of  our  earth  :  with  it,  or  with  the 
allied  infiuencee,  he  sets  ships  in  motion  and  multi- 
plies costly  objects  of  art  I 

When  a  power  of  nature,  invisible  and  impalpable, 
is  the  subject  of  scientific  inquiry,  it  is  necessary,  if 
we  would  comprehend  ita  essence  and  properties,  ta 
study  its  manifestations  and  effects.  For  this  purpose 
simple  observation  is  insufficient,  since  error  always 
lies  on  the  surface  and  is  gathered  by  the  superficial 
inquirer,  whilst  truth  must  be  sought  in  deeper  re^ons. 

Xf  we  apprehend  a  phenomenon  or  observed  fact 
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erroneously,  or  if  we  entertiuD  an  incorrect  coDceptioa 
of  its  comiections  and  relatiooB,  we  are  said  to  commit 
an  error.  Our  ov.\j  protection  against  this  ia  to  teat 
the  truth  or  falsehood  of  our  notiona  b;  producing  the 
phenoiaenon  ourselves,  under  varied  circum stances, 
and  by  ascertaining  the  conditions  of  its  first  appear- 
snce,  Tarjing  these  conditions,  and  closely  observing 
the  influence  of  these  alterations.  In  ^is  manner 
our  first  observation  is  corrected  and  rendered  clear 
to  our  minds.  Nothing  must  be  left  to  the  fancy  or  . 
imagination. 

The  true  philosopher  always  seeks  to  explain  and 
illustrate  nature  by  means  of  facts,  of  phenomena  ; 
that  is,  by  experiments,  the  devising  and  discovery 
of  which  is  bis  task,  and  by  which  he  causes  the 
objeet  of  his  investigation  to  speak,  as  it  were,  in- 
telligibly to  him.  No  single  isolated  phenomenon, 
taken  by  itself,  can  furnish  us  with  its  own  expla- 
nation ;  but  it  is  by  carefully  observing  and  arranging 
aU  such  facta  as  are  in  connection  with  it,  that 
insight  into  its  nature  is  attained.  For  we  must 
never  forget  that,  every  phenomenon  has  its  reason, 
every  effect  its  cause. — Bacon. 

Such  opinions  as,  that  the  creative  energy  of 
nature  produces  the  most  various  kinds  of  plants,  and 
even  animals,  out  of  decayed  rocks  or  putrid  vegetable 
matter,  without  seeds  or  sperm  ;  that  nature  abhors 
a  vacuum  ;  that  iron  and  phosphorus  are  formed,  from 
other  elements,  in  the  living  body  of  animals,  and 
the  like,  are  emanations  of  ignorance  and  indolence, 
and  display  men's  incapacity  to  discover  the  true 
origin  and  causes  of  things.  But  a  thousand  uncon- 
nected observations  have  no  more  value,  as  a  demon- 
strative proof,  than  a  single  one.  If  we  do  not 
succeed  in  discovering  causes  by  our  researches,  we 
have  no  right  to  create  them  by  the  imaginatioA. 
Thus,  when  we  h^ve  learned  that  infusorial  animal- 
culte  are  propagated  by  eggs,  it  only  remains  for  us 
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to  bquire  how  the  eggs  are  conveyed  to  where  we 
find  them.  For  the  momeDt  the  imaginatjoa  alone 
IB  taken  for  a  guide,  and  is  allowed  to  solve  qnestions 
left  undecided  by  researches,  inTestigatioa  ceases, 
truth  remune  unascertMued,  and  there  is  Dot  only 
this  negative  evil,  bub  in  error  we  create  a  konsteb, 
onviouB,  malignant,  and  obBtinate,  whiob,  when  at 
length  truth  endeavours  to  make  its  way,  crosses  its 
path,  combats,  and  strives  to  annihilate  it !  Thus  it 
was  in  the  time  of  Galileo  ;  and  thus  it  is  still,  every- 
where, in  every  science,  where  mere  opinions  are 
allowed  to  have  the  force  of  proofs. 

If  we  confess  the  incompleteness  of  our  knowledge, 
and  aimply  admit  our  inability  to  answer  the  questions 
trbich  arise  as  we  cont«mplate  the  phenomena  of 
natare,  those  questions  remain  as  problems  for  fotu- 
ritj  to  solve,  and  eicite  the  attention  and  exertions  of 
thousands ;  seal  is  kindled  and  kept  alive,  and  in 
process  of  time  their  solution  will  certainly  be  accom- 
plished. An  explanation  satisfies  the  mind  ;  and  if 
the  explanation  include  error  which  is  regarded  as 
truth,  this  arrests  the  activity  of  the  mind,  as  well 
as  the  progress  of  truth  itself.  The  imagination,  tn 
thousands  of  cases,  gives  rise  ta  thousands  of  errors, 
and  nothing  is  more  hurtful  to  the  progress  of  natural 
science — nothing  has  more  power  in  limiting  and  dis- 
torting our  views  of  natural  phenomena,  than  an  old 
established  error.  It  ia  infinitely  difficult  to  rehte 
a  false  doctrine,  preeisely  because  it  rests  oa  the  con- 
viction that  that  is  true  which  is  really  false. 

It  is  certainly  not  conformable  to  a  rational  pliilo- 
flophy  of  nature  to  attempt  an  explanation  of  the 
processes  of  forantion,  nutrition,  and  secretion  in  the 
animal  body,  before  we  have  obtained  a  correct  know- 
ledge of  alimentary  substances,  and  the  sources 
whence  they  originate,  and  before  albmnen,  c<ueine, 
blood,  bile,  cerebral  tubttance,  itc.,  had  been  sub- 
jected to  a  searching  inveBtigation.      Before  these 
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anbafances  have  been  auoeessfiillj  analysed,  they  are 
mere  nameB,  tbe  letters  composing  which,  at  the 
utmost,  we  know,  but  whose  signification  is  unknown. 
How  can  it  be  expected  that  any  nseful  information 
should  be  derived  from  the  mere  terms,  until  the 
properties  and  relations  of  the  subatancea  themselyes 
are  known  ;  flktil  we  have  studied  the  metamorphoses 
they  undergo  when  in  contact  with  other  bodies'; 
unlll,  in  short,  we  have  forced  them  to  speak  in 
answer  to  our  questions  ? 

The  cause  of  the  phenomena  of  life  is  a  force, 
which  does  not  act  at  sensible  distances  ;•  its  activity 
becomes  manifest  only  when  the  aliments  or  tbe  blood 
come  into  immediate  contact  with  the  organ  destined 
for  their  reception  or  alteration.  Tbe  chemical  force 
manifests  itself  precisely  in  the  same  manner  ;  indeed 
there  are  no  causes  in  nature  producing  motion  or 
change  in  bodies — no  powers  more  closely  allied  to 
each  other — than  tbe  chemical  and  vital  forces.  We 
know  that  wherever  difierent  substances  are  brought 
into  contact  with  each  other,  chemical  actions  take 
place.  To  suppose  that  one  of  the  most  energetic 
powers  of  nature  should  take  no  part  in  the  processes 
of  the  animal  orgBDism,  although  here  all  the  con- 
ditions under  which  it  commonly  manifests  its  activity 
are  united,  would  be  against  every  eatabtisbed  rule  for 
the  proper  study  of  nature.  But  so  far  from  there 
being  any  foundation  for  the  opinion  that  chemical 
force  is  subordinate  to  tbe  vital  power,  so  as  to  be- 
come inoperative  or  imperceptible  to  us,  the  chemical 
effects  of  oxygen,  in  the  process  of  respiration,' (for 
example)  are  seen  in  full  activity  during  every  second 
of  life.  Moreover,  urea,  allantoine,  the  acid  which  is 
found  in  anU  and  icater-beetlee,  namely  formic  acid, 
oxalic  acid,  tbe  oils  of  valerian  root,  of  the  Spircea 
utniorio,  of  the  Chialtkeria  procumbens,  are  products 
of  the  vital  process,  &c.  ;  but  is  their  production,  we 
must  ask,  attnbutable  to  the  vital  force  ? 
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We  are  able  to  produce  aJl  these  compounds  b^ 
chemical  processes,  that  is,  hj  the  chemical  force. 
The  chemist  produces  the  crystalline  substance  found 
in  the  fluid  of  the  allantois  of  the  cow,  from  the 
excrements  of  snakes  and  birds  :  he  makes  urea  from 
charred  blood  ;  sugar,  formic  acid,  and  oxalic  aoid 
from  saw'dust  ;  the  volatile  oil  of  Spircea  uUnaria, 
of  Gualtkeria  proeumheng,  from  wiUow-bark  ;  the 
Tolatile  oil  of  valerian  from  potatoes.  These  results 
ore  enough  to  justify  us  in  entertaining  the  hope  that 
we  shall,  ere  long,  succeed  in  producing  miinine  and 
morphine,  and  those  combinations  of  elements  of 
which  albumen  aai^Mne,  or  muscular  fibre,  consist, 
with  all  their  characteristic  properties. 

Let  us,  however,  carefully  distinguish  those  e£Fects 
which  belong  to  the  chemical,  from  those  which  de- 
pend peculiarly  upon  the  vital  force,  and  we  shall 
then  be  in  the  right  channel  for  obtaining  an  insight 
iato  the  latter.  Chemical  action  will  never  be  able 
to  produce  an  eye,  a  hair,  or  a  leaf.  But  we  know, 
with  absolute  certainty,  that  the  formation  of  hydro- 
cyanic acid  and  of  the  oil  of  bitter  almonds,  in  those 
seeds,  of  oil  of  mustard  and  of  sinapine  in  mustard, 
and  of  sugar  in  germinatiog  seeds  ; — that  all  these 
are  the  results  of  chemical  decompositions.  We  see 
that  the  stomach  of  a  calf,  when  dead,  with  the  addi- 
tion of  some  hydrochloric  acid,  acts  upon  flesh,  and 
upon  coagulated  albumen,  precisely  in  the  same 
manner  as  the  living  stomach  acts  ;  that  is,  these 
substances  become  soluble,  and  are,  in  fact,  digested. 
All  this  justifies  ns  in  inferring,  that  by  the  scientific 
investigation  of  natnre,  we  shall  arrive  at  a  clear 
compr^ension  of  the  metamorphoses  which  alimentary 
substances  undergo  in  the  living  wganiam,  and  of  the 
action  of  remedies. 

Without  a  prdbund  study  of  chemistry  and  natural 

Shilosophy,  physiology  and  medicine  will  obtain  no 
ght  to  guide  them  In  the  solution  of  their  most  im- 
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portant  problema,  that  ia,  in  the  inTestigation  of  th« 
laws  of  life,  the  vital  processes,  and  the  remo7al  of 
sbnomial  states  of  the  organism.  Without  a  know- 
ledge of  chemical  forces  the  nature  and  effects  of  the 
vital  force  cannot  be  fathomed  ;  the  scientific  physician 
can  expect  to  derive  assistance  from  chemistry  only 
when  he  shall  have  qualified  himself  to  put  hia 
questions  to  the  chemist  correctly. 

Comnaerce  and  the  arts  have  already  derived 
immeasurable  advaDtages  from  the  progress  of 
chemistry  ;  mineralogy  has  become  a  new  science 
unce  regard  has  been  had  to  the  composition  of 
minerals  and  the  chemical  relations  of  their  consti- 
tuenta.  If  the  composition  and  chemical  nature  of 
rocks  and  strata  be  not  in  like  manner  investigated 
(and  this  has  hitherto  been  much  neglected),  it  will 
be  impossible  to  effect  any  considerable  progress  in 
geology.  Chemistry,  moreover,  is  the  foundation  of 
agriculture,  and  we  cannot  hope  to  give  a  scientific 
form  and  baais  to  this  important  art  without  a  know- 
ledge of  the  constituents  of  the  soil,  and  of  the 
substances  which  constitute  the  food  of  plants. 

Without  an  acquaintance  with  chemistry,  the 
statesman  must  remain  a  stranger  to  the  true  vital 
interests  of  the  state,  to  the  means  of  its  organic 
development  and  improvement ;  his  attention  cannot 
become  sufficiently  alive,  nor  his  perception  adequately 
acute,  in  regard  to  what  is  really  useful  or  iojurioua 
to  his  country, — to  society.  The  highest  economic  or 
material  interests  of  a  country,  the  increased  and 
more  profitable  production  of  food  for  man  and 
animals,  as  well  as  the  preservation  and  restoration 
of  health,  are  most  cloedy  linked  with  the  advance- 
ment and  difinision  of  the  natural  sciences,  especially 
of  chemistry. 

Without  the  knowledge  of  natural  phenomena, 
and  of  the  laws  by  which  they  are  regulated,  the 
human  mind  ia  incapable  of  forming  an  adequate 
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conception  of  the  greatness  and  unfathomable  wisdom 
of  the  Creator  ;  for  all  the  images  which  the  most 
inexhaustjble  fancy  or  the  most  cultivated  intellect 
can  form  will  appear,  when  compared  with  the  reality, 
but  as  glittering,  variegated,  unsubstantial  bubbles  ! 

The  great  desideratum  of  the  present  age  is  prac- 
tically manifested  in  the  establiehment  of  schools  in 
which  the  natural  sciences  occupy  the  most  prominent 
place  in  the  course  of  instruction. 

From  these  schools  a  more  Tigorous  generation  will 
come  forth,  powerful  in  understanding,  qualified  to 
appreciate  and  to  accomplish  all  that  is  truly  great, 
and  to  bring  forth  iruits  of  universal  us^ulnesa. 
Through  them  the  resources,  the  wealth,  and  tbe 
strength  of  empires  will  be  incalculably  increased  ; 
and  when,  by  the  increase  of  knowledge,  the  weight 
which  presses  on  human  existence  has  been  lightened, 
the  difficulties  of  obtiuning  subsistence  lessened,  and 
man  ia  no  longer  overwhelmed  by  the  pressure  of 
earthly  cares  and  troubles,  then,  and  not  till  then, 
will  he  be  able  to  devote  his  intellect,  purified  and 
refined,  to  tbe  study  of  higher  subjects  of  investiga- 
tion, and  finally  to  the  highest  of  aU. 


The  history  of  man  is  the  mirror  of  the  development 

of  his  intellect.  It  shows  os,  in  his  acts,  his  faults 
and  frailties,  his  virtues,  his  noble  qualities,  and  his 
imperfections.  The  investigation  of  nature  teaches 
us  to  recognise  the  omnipotence,  the  perfection, 
ftnd  the  inscrutable  wisdom  of  an  infinitely  higher 
3eing,  in  his  works  and  actions.     So  long  as  we  are 


caniMovCoO'^lt^ 


IMMENSITY  OF  THE  UNIVEBSB.  21 

ignorant  of  tbeae  tbings,  the  perfect  dereloptnent  of 
the  hamaD  mind  canoot  be  hoped  for,  or  even  con- 
ceived. Without  this  knowledge  the  immortal  spirit 
of  man  cannot  attain  to  a  conBciouBneBe  of  its  own 
dignity,  or  of  the  rank  which  it  occupieE  in  creation. 

The  religion  of  the  Greeks  and  Romans — of  the 
heathen — was,  in  its  origin,  founded  upon  an  imper- 
fect contemplation  and  false  impreeaion  of  natural 
phenomena.  Those  nations  were  intellectually  blind 
to  the  immediate  causes  of  the  changes  and  floctu- 
ations  in  things  around  them.  They  directed  their 
prayera  to  the  gross — the  more  obvious — powers  of 
nature.  Every  superstition  carries  us  back  to 
heathenism.  The  exalted  value,  the  sublimity  of  a 
right  comprehension  of  nature,  lies  precisely  in  this, 
that  it  is  the  medium  for  a  correct  apprehension  of 
Christian  truth.  And  the  divine  origin  of  tme 
Christian  doctrine,  indeed,  is  proved  by  the  fact  that 
we  are  indebted  for  it,  and  for  a  correct  notion  of 
a  Being  who  is  above  all  worida,  not  to  the  imperfect 
way  of  empirical  investigation,  but  to  a  higher 
euhghtenment. 

The  space  in  which  the  systema  composing  the 
universe  move,  is  illimitable.  Were  we  to  attempt  to 
assign  its  limits,  what  could  we  imagine  to  be  beyond? 
The  number  of  worlds  is  infinitely  great ;  it  is  inex- 
pressible. Indeed,  by  numbers.  A  ray  of  light  traverses 
180,000  miles  in  a  second  of  time.  A  year  com- 
prises millions  of  seconds,  yet  there  are  fixed  stars 
so  immeasurably  distant  that  their  light  has  required 
billions  of  years  to  reach  our  eyes.  We  are  acquainted 
with  animals  possessing  teeth,  and  organs  of  motion 
and  digestion,  which  are  wholly  invisible  to  the  naked 
eye.  Other  animals  exist,  which,  when  measured,  are 
found  to  ,be  many  thousands  of  times  smaller,  and 
which,  nevertheless,  possess  the  same  apparatus. 
These  creatures,  in  the  same  manner  as  the  larger 
aoimala,  take   nourishment,  and  are  propagated  by 
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means  of  ova  nhich  muEt  coDeequentlj  be,  again, 
manj  hundreds   of  times  smaller  tban    their    owii 

bodies.  It  is  onlj  because  our  orgaas  of  vision  are 
imperfect  that  we  do  not  perceive  creaturea  a  million 
times  smaller  than  these. 

What  variety  and  what  infinite  gradations  do  the 
constituents  of  our  globe  present  to  us  in  their  proper- 
ties and  their  conditions !  There  are  bodies  which 
are  twenty  times  heavier  than  an  equal  volume  of 
water,  there  are  others  which  are  ten  diousand  times 
lighter,  the  ultimate  particles  of  which  cannot  he  seen 
by  the  most  powerftil  microscopes.  Finally,  we  have 
in  light, — that  wonderful  messenger  which  brings  us 
daily  intelligence  of  the  continued  existence  of  number- 
less worlds, — the  expression  of  an  extra-terrestrial 
essence  which  no  longer  obeys  the  laws  of  gravitation, 
and  jet  manifests  itself  to  our  senses  by  innumerable 
effects.  Even  the  light  of  the  sun — with  the  arrival 
of  which,  upon  the  earth,  inanimate  nature  receives 
life  and  motion — we  cleave  asunder  into  rays,  which, 
without  any  power  of  illumination,  produce  the  most 
important  alterations  and  decompositions  in  organio 
nature.  We  separate  from  light  certain  calorific  rays, 
which  exhibit  among  themselves  a  diversity  as  great 
as  exists  amongst  colours.  But  nowhere  do  we  observe 
either  abeginning  or  an  end.  The  humanmind  perceives 
in  nature  no  limit  either  above  or  below  itself,  and  in 
this  infinity, — scarcely  conceivable,  since  it  is  in  both 
direetions  unfathomable  by  human  power,— not  one 
drop  of  water  falls  to  the  ground,  not  one  particle  of 
dust  changes  its  place,  without  compulsion.  Nowhere 
beyond  the  sphere  of  his  own  being  does  man  perceive 
&  conscious  will  ;  he  sees  everything  around  him 
bound  in  the  chains  of  invariable,  immutable,  fixed 
laws.  Within  himself  alone  he  recognises  a  something 
which  may  govern  these  effects,  a  wilt  which  has  the 
power  to  rule  over  all  natural  laws,  a  tptrit  which,  in 
its  manifestations,   is  independent  of  these  natural 
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powers,   and  which,   when  it  is  in  its  conceivable 
perfection,  is  subject  only  to  its  own  laws. 

The  mere  empirical  knowledge  of  nature  forces 
upon  ns,  IrreBiatibl  j,  the  conviction  that  this  something 
within  us  is  not  the  limit  beyond  which  there  esista 
nothing  similar  or  more  perfect.  The  inferior  grada- 
tione  only  of  this  gomelhing  are  accessible  t€  our 
powers  of  perception.  And  this  conviction,  like  every 
other  truth  in  inductive  natural  investigation,  affirms 
the  existence  of  a  higher,  indeed  of  an  infinitely 
exalted  Being,  to  contemplate  and  to  comprehend 
whom  our  senses  are  too  feeble,  and  of  whom,  in  his 
greatness  and  sublimity,  we  can  only  form  some  con- 
ception by  the  highest  cultivation  of  every  faculty  of 

The  knowledge  of  nature  furnishes  us  with  the  moat 
effectual  means  of  advancing  our  intellectual  powers 
to  this  degree  of  perfection. 

The  history  of  philosophy  informs  us  that  the 
wisest  men,  the  most  profound  thinkers  of  antiquity, 
and,  indeed,  of  all  ages,  considered  the  insight  into 
the  essence  of  natural  phenomena,  the  acquaintance 
with  natural  laws,  as  an  indispensable  means  for  culti* 
vating  the  mind.  The  study  of  external  nature — 
physical  science — constituted  a  part  of  philosophy. 
Science  renders  the  powers  of  nature  the  servants  of 
man,  whilst  empiricism  subjects  man  to  their  service. 
The  empiric,  placing  himself  on  a  level  with  an 
inferior  or  unconscious  being,  employs  but  a  small 
portion  of  his  power  for  the  advantage  of  society.  He 
permits  effects  to  govern  his  will,  whilst,  by  a  true 
insight  into  their  hidden  connections,  he  might  govern 
them.  , 

The  pertinence  of  these  remarks  will  appear  to  you 
when  I  attempt,  in  a  subsequent  chapter,  to  explain 
one  of  the  most  remarkable  laws  which  lies  at  the 
foundation  of  modem  Chemistry. 

If  to  the  comparative  anatomist,  a  small  ftagment 
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of  bone,  a  tooth,  serves  as  a  Tolume  from  which  he 
cfin  relate  to  us  the  hiatorj  of  a  being  belonging  to 
a  past  world,  describe  its  size  and  shape,  point  out  to 
UB  the  medium  in  which  it  breathed  and  lived,  aod 
demonstrate  to  ua  of  what  ita  nourishment  consisted, 
whether  animal  or  vegetable,  and  its  organs  of 
motion, — all  this  might  be  supposed  to  be  the  mere 
creation  of  a  lawless  im agination,  if  this  small 
fragment  of  bone,  this  tooth,  owed  ita  form  and 
constitution  to  mere  chance.  But  the  anatomist  may 
safely  assert  all  this  as  a  reality,  becaase  every 
particle  owes  its  form  to  definite  laws,  and  because, 
when  the  form  of  a  part  ia  once  known,  it  indicates 
the  mode  of  construction  of  the  whole. 

It  may  not  appear  less  wonderful  to  man;  tliat  the 
chemist  should  be  able,  when  he  knows  the  propor- 
tion in  which  any  single  substance  unites  with  aupther 
substance,  to  discover  and  to  fix  the  exact  proportion 
in  which  the  former  will  unite  with  all  other  bodies 
whatever. 

The  discovery  of  these  laws,  to  which  ali  the  pro- 
cesses comprising  number  and  measure  are  subordinate, 
in  organic  as  well  as  in  inorganic  nature,  and  which 
regulate  and  govern  all  chemical  actions,  b  acknow- 
ledged to  bo  the  most  important  acquisition  of  the 
present  century,  and  the  most  productive  in  its 
results. 
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It  la  not  easj  to  form  an  idea  of  the  extent  of 
chemicEil  knowledge  ut  tbe  present  da^  nitbont  castiog 
a  glance  back  to  past  ages.  The  history  of  science 
filla  a  page  in  the  history  of  the  human  mind  ;  .and 
diere  is  no  department  of  science,  the  history  of 
which  is  more  interesting  and  iQstructi?e,  in  reference 
both  to  its  origin  and  to  its  development,  than 
chemistrj.  The  receiTed  behef  of  the  recent  origin 
of  that  science  is  an  error,  originating  in  accidental 
circuin  stances.  Chemistry  is  one  of  the  very  oldest 
of  the  sciences. 

The  same  spirit  which,  towards  the  close  of  the 
last  century,  aroused  in  a  highly  civilised  nation  the 
insane  endeavour  to  annihilate  the  monuments  of  its 
history  end  of  its  glory, — which  rabed  altars  to  the 
Goddess  of  Reason,  and  introduced  a  new  calendar; — 
that  spirit  gave  rise  also  to  a  festival  in  which 
^adame  Lavoisier,  robed  as  a  priestess,  committed  to 
the  flames  on  an  altar,  while  a  solemn  requiem  was 
chanted,  the  phlogistic  system  of  chemistry.  At  that 
period,  the  chemists  of  France  associated  themselves 
for  the  purpose  of  changing  all  the  names  and  sym- 
bols which  had  been  employed  up  to  that  time  to 
designate  chemical  compounds,  and  to  represent 
chemical  processes.  A  new  Domenclature  was  iatro- 
daced,  which,  in  the  train  of  a  nevr  system,  complete 
in  itself,  soon  secured  for  itself  a  universal  reception. 
This,  then,  was  the  ori^  of  the  apparently  wide 
gulf  separating  modem  from  ancient  chemistry.  The 
history  of  every  important  discovery,  of  every  separate 
observation,  made  up  to  the  time  of  Lavoisier,  in  any 
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put  of  Europe,  was  then  blotted  out ;  while  new 
names  and  altered  views  tore  asunder  all  connection 
with  the  past.  To  many,  the  knowledge  we  now 
poaseas  appears  to  be  only  the  inheritance  of  the 
French  Bchool  of  that  day  ;  and  the  history  of  true 
chemiBtry  ie  supposed  to  reach  no  &rther  back.  But 
it  is  precisely  here  that  the  fallacy  lies. 

As  in  the  history  of  nations  there  is  no  erent 
wbich  has  not  been  preceded  by  other  events  or 
oircumstancee  of  which  it  is  the  consequence,  so  is  it 
with  the  progress  of  all  the  natural  sciences.  In  the 
same  way  as  a  phenomenon  in  any  department  of 
nature,  hving  or  dead,  presupposea  the  conditions 
under  which  it  has  amen,  the  progress  of  natnral 
science  is  prepared  by  the  previous  sc([uiaition  of 
truths,  which  are  either  facts,  or  conclusions  depen- 
dent upon  and  deduced  from  facts.  A  new  system  or  a 
new  theory  always  follows  from  obaerrations,  more  or 
lees  comprehensive,  which  contradict  the  reigning 
doctrine  ;  and  in  the  time  of  Lavoisier,  all  the  sub- 
stances and  all  the  phenomena  which  he  studied, 
were  already  known.  He  discovered  no  new  body — ■ 
no  new  property— no  natural  phenomenon  previously 
unknown  ;  but  all  the  facts  established  by  him  were 
the  necessary  consequences  of  the  labours  of  those  who 
had  preceded  him.  His  merit,  his  immortal  glory  con- 
sisted in  this — that  he  infused  into  the  b'ody  of  the 
science  a  new  spirit ;  but  all  the  members  of  that  body 
were  already  in  existence,  and  rightly  joined  together. 

Chemistry  embraces  the  effects  produced  by  natural 
forces  of  the  most  recondite  kind  which  do  not,  like 
many  physical  forces  or  influences,  such  as  light  or 
gravity,  make  themselves  known  in  forms  of  action 
daily  arresting  our  attention.  These  forces  do  not 
act  at  senaible  distances,  but  are  only  manifested  in 
their  results  when  different  kinds  of  matter  are 
brought  into  the  closest  contact.  Ages  were  required 
to  collect  the  world  of  phenomena  of  which  chemiati7 
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couftiBted  before  Larobier  appeared.  It  required  innii- 
merable  obseirations  before  men  were  &bl«  to  attempt 
tbe  eiplanadoQ  of  that  most  striking  though  familiar 
phencHnenon,  the  banuDg  of  a  candle — before  they  could 
seize  the  hidden  clue,  which  led  to  the  concluHion, 
that  the  rosting  of  iron  in  tiie  air,  the  bleaching  of 
vegetable  colours,  and  the  respiration  of  animals,  were 
all  dependent  on  the  same  cause  as  the  combustion  of 
infiammahle  anbetances. 

In  order  to  attain  that  knowledge  of  cbemiatrf 
which  we  now  possess,  it  was  neceasaiy  that  thoa- 
sanda  of  men,  aimed  with  all  the  science  of  their 
respecdre  periods,  and  inspired  with  an  iinconqner> 
able  ardour,  with  a  passion  for  knowledge,  which,  in 
its  violence,  bordered  on  madness,  should  devote  life, 
fortone,  and  their  whole  faculties,  to  the  task  of 
exploring  the  earth  in  all  directions.  It  was  necessary 
that,  with  indsfatigBble  perseverance  and  constancy, 
these  men  should  bring  into  contact  all  known  sub- 
stances, organic  and  inorganic  ;  it  was  necessary 
that  these  labours  should  be  continued  for  fifteen 
centuries.  There  was,  finally,  a  mighty,  an  irre- 
Hstible  charm,  which  urged  men  to  devote  themselves 
with  an  amount  of  patience  and  perseverance  alto- 
gether unexampled  in  hiatory — to  labours  which  £d 
not  tend  to  supply  any  want  peculiar  to  the  time  in 
which  they  lived.  This  mighty  impulse  was  nothing 
else  than  the  desire  for  earthly  happiness. 

Sy  a  wonderful  and  wise  dispensation,  there  was 
implanted  iu  the  minds  of  the  wisest  and  most  expe- 
rienced Bnen  the  idea  of  the  eiiatence  of  a  thing,  hid 
in  the  bowels  of  the  earth,  by  the  discovery  of  which 
man  might  become  possessed  of  those  things  which 
imply  the  gratificatioD  of  the  utmost  desires  of  a 
refined  sensuality — namely,  gold,  health,  and  long 
life.  "  Gold  gives  power  ;  without  health  there  is  no 
enjoyment,  and  longevity  here  takes  the  place  of 
immortality."    (Gothe.) 
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These  three  primary  essentiale  of  earthly  bappmess 
\rere  eupposed  to  be  united  in  the  "  philosopher's 
stone,"  Fur  more  than  a  thousand  years,  the  grand, 
the  ultimate  object  of  all  chemical  labours  was  the 
search  for  that  "  virgin  earth"  coTeted  aa  the  means 
of  preparing  the  mysterious  substance,  which,  in  the 
hands  of  the  philosopher  or  wise  man,  changes  every 
base  metal  to  gold,  and  which,  according  to  a  later 
creed,  when  used  as  a  remedy  in  its  highest  per- 
fection, cures  all  diseases,  restores  youth  to  the 
exhausted  frame  of  age,  and  prolongs  life  indefinitely. 

Rightly  to  appreciate  and  judge  of  the  true  nature 
of  alchemy,  we  must  remember,  thai  till  the  sixteenth 
century  the  earth  was  reganied  as  the  centre  of 
the  universe,  and  that  the  life  and  destiny  of  men 
were  believed  to  stand  in  the  closest  relation  to  the 
motions  of  the  heavenly  bodies.  The  universe  was  a 
vast  whole,  an  organism,  the  members  of  which  stood 
in  an  uninterrupted  relation  of  reciprocal  influence. 
"  From  all  the  ends  of  heaven  the  creative  forces 
radiate  towards  the  earth,  and  determine  earthly 
destinies."  (Roger  Bacon.)  "When  a  man,"  saya 
Paracelsus,  "  eats  a  bit  of  bread,  does  he  not  therein 
cousmne  heaven  and  earth  and  all  the  heavenly 
bodies,  inasmuch  as  heaven,  by  its  fertilising  rain,  the 
earth  by  its  soil,  and  the  sun  by  his  luminous  and 
heat-giving  rays,  have  all  contributed  to  its  produc- 
tion, and  all  are  present  in  the  one  substance  ?  "  All 
that  happened  on  earth  stood  written  in  starry  cha- 
racters in  heaven.  All  that  was  thns  written  in 
heaven  must  of  necessity  happen  on  earth.  Mars, 
Venus,  or  some  other  planet,  ruled,  from  birth,  the 
actions  and  the  fortunes  of  individual  men,  while 
comets,  lawless  in  their  appearance,  were  the  threaten- 
ing symbols  of  want  and  woe  to  entire  nations. 

The  knowledge  and  study  of  nature  and  of  her 
powers  included  the  science  of  magic,  which,  when 
combined  with  the  healing  art,  was  regarded  as  the  true 
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idea  of  secret  wisdom.  In  the  pbenameita  of  organic 
life — in  the  vast  operations  of  nature — in  tliunder  and 
lightning,  storm  and  hail,  men  recogaised  the  agency 
of  unseen  spirits.  Whatever  insight  a  thinhing 
man  might  have  acquired  hy  obserration,  was  to 
him  a  possession,  the  source  of  which  was  not  per- 
ceived by  the  multitude ;  it  was  a  sign  or  mark  of  hia 
intercouree  with  supernatural  beings,  and  his  hnow- 
ledge  became,  in  the  eyes  of  the  ignorant,  the  power 
hy  which  he  controlled  the  world  of  spirits.  "Demons,'' 
says  CiBBaipiiiQS,  "perceive  by  the  inward  mtnd,  with- 
out requiring  the  aid  of  bodily  senses,  hut  without 
natural  means  they  can  exert  no  influence  on  men  or 
animals.  Those  which  are  of  an  evil  sort  produce 
bewitchments  and  all  kinds  of  mischance."  "  During 
four  centuries,  European  jurisprudence  sacrificed 
thousands  of  human  victims  to  the  belief  of  the 
existence  of  compacts  between  men  and  the  evil  one. 
The  world  was  finnlj  convinced  of  the  existence  of 
such  compacts,  although  these  were  of  the  most 
strange  description,  inasmuch  as  none  of  the  parties 
to  them  derived  any  benefit  from  the  agreement.  For 
the  unfortunates  who  had  signed  away  their  souls  to 
the  devil  lived,  for  the  most  part,  in  the  deepest 
poverty  and  misery,  not  even  gaming  earthly  plea- 
sures by  the  exchange,  while  their  share  of  heavenly 
bliss  guned  by  the  enemy  of  mankind,  was,  to  him, 
a  worthless  possession."  (Carri^e.) 

When  compared  with  this  stage  of  development  of 
the  human  intellect,  alchemy,  as  far  as  regards  a 
knowledge  of  natural  truths,  was  in  advance  of  other 
natural  sciences.  Chemistry,  at  that  time,  and  up 
to  the  fifteenth  century,  stood  on  the  same  level, — 
it  was  no  further  back  in  its  development  than 
astronomy. 

The  idea  of  the  philosopher's  stone,  considered  as 
a  meaus  of  transmuting  the  baser  metals  to  gold,  was 
spread  abroad  from  Kgypt,  chiefly  by  the  Arabians. 
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B7  the  coDqueat  of  Elgypt,  they  acquired  poseession 
of  natural  and  Bcieatific  truths,  perhaps  ori^nally 
attained  by  a  jealous  caste  of  prieatE,  and  which, 
being  taught  as  myateries  in  the  temples,  were 
acceamble  only  to  the  initiated.  Even  Herodotus  and 
Plato  had  early  obtained  instruction  and  knowledge 
in  that  remarkable  country.  Nine  hundred  years 
before  the  couqueat  of  Egypt  by  the  Arabs,  the 
Alexandrine  Academy  already  anpplied  a  centre  of 
scientific  activity,  and  even  down  to  the  period  of  the 
burning  of  the  vast  library  by  the  Arabs,  Alexandria 
iraa  the  seat  and  the  refuge  of  Qrecian  science. 
Among  the  Araba,  a  people  intellectually  new  and 
fresh,  whose  Mahometan  fataliam  oppoaed  to  the 
development  of  medicine,  and  whose  maxims,  derived 
from  the  Koran,  expressly  prohibiting  research  and 
rejection,  were  yet  unable  to  check  the  progress  or 
prevent  the  encouragement  of  the  sciences,  of  medi- 
cine, astronomy,  and  mathematics  ;  among  these 
Arabs  the  views  of  the  Alexandrian  philosophers  con- 
cerning the  transmutation  of  metala  found  a  prepared 
and  fruitful  aoil  ready  for  their  reception. 

At  the  time  when  Bagdad,  Basaora,  and  Damascua 
were  the  centres  of  the  commerce  of  the  world,  there 
was  no  nation  more  dexterous  or  more  active  in  trade, 
or  more  eager  for  gain  and  gold,  than  the  Araba. 
Their  tales  and  legends  have  preserved  for  us  the 
favourite  dreams  and  deairea  of  that  period,  which 
were  the  motives  of  Arabian  enterprise  and  activity. 
While  the  elves  and  nixes,  the  dwarfs  and  Undines,  of 
the  Germanic  legends,  appear  as  the  bestowera  of 
swords  which  no  foe  could  withstand,  or  of  unguents 
which  healed  every  wound  ;  of  wine-cups  ever  full,  or 
of  tables  ever-loaded  with  food  ;  the  genii  of  the 
Thousand  and  One  Nights  are  always  theguardians  of 
immeasnrabletreasores,  of  gardens,  whose  trees  are  of 
gold  and  thmr  fruits  of  precious  gems.  The  wonderful 
lamp  of  the  Arabian  romancers,  by  means  of  which 
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man  oould  come  into  poBsesaion  of  these  tj-easurea,  was 
obviously  regarded  as  Boinething  as  tangible  and 
attainable  as  was  the  broomBtick  oa  wbicfa,  many 
centuries  later,  the  witchea  of  Genaaoy  rode  through 
the  air  to  the  filocksberg,  there  to  celebrate  iu  wild 
and  maddened  dance  the  feetival  of  the  Walpurgia- 
nacht.  In  Egypt,  this  mysterious  object  of  desire 
took  the  form  of  the  philosopher's  stone. 

From  the  Arabian  universities,  the  endeavonr  after 
the  discovery  of  the  philosopher's  stone,  and  with  it, 
the  acquisition  of  chemical  knowledge,  and  the  whole 
direction  given  to  scientific  research,  was  communi- 
cated to  the  north-west  of  Europe.  On  the  model  of 
the  schools  of  Cordova,  Seville,  and  Toledo,  which 
had  been  frequented,  since  the  tenth  century,  by  the 
studious  of  all  countries  in  their  earnest  pursuit  of 
knowledge,  there  arose  in  Paris,  Salamanca,  Fadua, 
and  many  other  cities,  universities,  seats  of  the 
Bcieoces  ;  and  in  accordance  with  the  cultivation  of 
the  period,  the  Christian  clergy  became  the  only 
possessors  of  the  knowledge  obtained  by  the  researches 
of  the  Arabian  philosophers,  and  the  only  persona 
capable  of  extending  to  the  world  the  learning  thus 
acquired.  Many  centuries  later,  the  proverbially  dark 
and  mysterious  explanations  of  the  Egyptian  priests, 
— their  mystical  figurative  style,  mixed  up  with  reli- 
gious ideas, — continued  to  be  peculiar  to  alchemy,  the 
chemistry  of  the  age. 

The  writings  of  Geber,  the  Pliny  of  the  eighth' 
century,  gi^^  evidence  of  an  extent  of  chemical 
knowledge,  of  &cts  experimentally  established,  which, 
when  the  period  is  considered,  excites  our  wonder  and 
admiration  ;  and  the  theories  of  the  great  philosophers 
of  the  thirteenth  century,  Roger  Bacon  and  Albert  von 
Bollstadt  ( Albertus  Magnus),  Bishop  of  Eatisbon,  may, 
for  their  fertility  of  ideas,  and  their  comprehensive 
views  of  nature,  be  fitly  compared  only  with  those  of 
the  modern  schools  of  natural  science. 
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We  classify  bodies,  at  the  present  day,  in  groups, 
according  to  similarity  or  identity  of  properties  ;  but 
tbe  same  thing  was  done  in  Geber'a  time.  The  metals 
posaeEB  in  common  Certain  fnndamental  properties  ; 
all  of  them  have  the  metallic  lustre ;  some  metala 
are  unchangeable  in  the  £re,  and  these  are  the 
so-called  noble  or  perfect  metala.  But  tbe  greater 
number,  nhen  exposed  to  the  action  of  fire,  lose  their 
lustre  and  malleability  ;  these  were  called  the  imper- 
fect metals,  or  semi-metals. 

At  that  period,  lead-glance  (or  galena)  and  iron 
pyrites,  having  the  metallic  lustre,  could  not  be  sepa^ 
rated  or  distinguished  from  metals,  and  were  regarded 
as  semi-metals.  The  former  had  the  colour  of  lead, 
the  latter  approached  in  colour  to  gold.  From  both 
minerals,  sulphur  could  be  expelled  ;  the  lead-glance 
yielding,  nbentbus  treated,  and  without  change  in  its 
lustre  or  colour,  true,  metallic,  malleable  and  fusible 
lead.  What  was  more  natural  than  to  conclude,  that 
sulphur  was  an  ingredient  of  the  baser  metals,  the 
amount  of  sulphur  determining  their  properties  ?  Since 
then,  lead-glance,  by  the  expulsion  of  a  certain  quan- 
tity of  sulphur,  was  converted  into  lead,  was  it  not 
probable,  that  by  the  removal  from  lead  of  somewhat 
more  sulphur,  we  might  attain  to  astiU  higher  purifica- 
tion or  refinement  of  the  metal,  and  thus  convert  it 
into  silver  ? 

The  volatility  of  mercury  was  known.  What  was 
more  natural  than  to  conjecture  that  the  loss  of 
metallic  properties,  in  the  calcination  of  baser  metals 
in  the  fire,  or  that  the  rusting  of  such  metals  in  the 
air,  depended  on  tbe  escape  of  the  volatile  mercury  ? 

Even  at  the  present  day,  common  experience  leads 
us  to  suppose,  in  all  coloured  bodies,  the  presence  of 
a  colouring  matter.  The  red  of  the  ruby,  the  green 
of  the  emerald,  and  the  blue  of  the  sapphire,  depend 
on  causes  analogous  to  those  which  determine  the 
colour  of  dyed  textures.     Soft  or  malleable  iron  may 
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be  rendered  hard  by  the  udditioo  of  a  small  proportion 
of  a  foreign  body ;  by  &  certain  process,  hard  oast- 
iroa  may  be  rendered  soft  and  malleable ;  copper, 
irhich  is  red,  acquires  a  colour  like  that  of  gold,  when 
heated  with  calamine  (zinc  ore],  and  may  be  rendered 
silver  white  by  means  of  arsenic  ;  gold  itself,  when 
heated  with  sal  ammoniac,  acquires  a  reddish  tinge, 
while  borax  gives  it  a  pale  colour.  Even  our  chil- 
dren are  in  the  habit  of  changing  iron  into  copper, 
as  they  imagine,  when  they  immerse  a  knife  in  ink 
(containing  sulphate  of  copper),  in  which  experiment 
the  iron,  becoming  coated  with  copper,  disappears 
to  their  senses.  Finally,  the  sand  of  certain  rivers, 
when  heated  with  certain  fluxes,  was  known  to  yield 
gold  ;  and  red  earth,  ignited  with  oil,  was  found  to  be 
a  source  of  iron. 

What,  then,  was  more  natural  to  the  inexperienced 
mind  than  to  believe,  that  the  properties  common  to  all 
metals  depended  on  suhstBDces,  on  certain  ingredients ; 
that  by  the  removal  or  addition  of  certain  matters, 
lead  or  copper  might  acquire  the  properties  of  silver 
or  gold ;  that  an  imperfect  tincture  might  give  the 
colour,  while  a  more  perfect  one  wonld  supply  the 
other  desired  qualities  {  ' 

So  one  can  wonder  that  the  old  alchemists  should 
hare  regarded  as  metals  the  compounds  of  metals  with 
sulphur  (sulphurets,  such  as  lead-glance  or  pyrites) ; 
especially  when  he  remembers  that  the  chemists  of  our  . 
day  for  twenty-ux  years  considered  and  described  aa 
metals  an  oxide  of  a  metal  (protoxide  of  uranium),  and 
a  compound  of  a  metal  with  nitrogen  (nituret  of 
titanium). 

"  There  are,"  says  Geher,  "  as  is  proved  by  the 
facts  above  narrated,"  which  in  his  point  of  view  were 
certain  and  concluaire,  "  means  of  producing  and 
transmuting  metals.  These  means  consist  in  three 
sorts  of  medicines.  Those  of  the  first  order  are  the 
ram  materials,  or  ores,  as  furnished  by  nature.    Those 
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of  tbe  second  order  are  the  eubstancea  of  tbo  first 
order,  after  being  refined  and  purified  by  chemical 
procesBes.  By  the  further  ennobling  and  fixing  of 
theae  ia  produced  the  medicine  of  the  third  order. 
This  ia  the  great  Uagiaterium,  the  red  tincture,  the 
great  elixir,  the  philosopher's  Btone." 

In  all  metals,  according  to  the  creed  of  die 
alohemiatB,  there  is  contdned  a  principle,  which  ^Tes 
to  them  the  metallic  character.  Thia  is  the  mercury 
of  the  adepta.  To  increase  the  proportion  of  thia 
principle  in  the  baaer  metals  is  to  ennoble  them.  If 
we  extract  this  metallic  principle  from  any  body  or 
metal,  if  we  increase  its  power  by  refining  it,  and  thus 
produce  the  quint«asenoe  of  all  metalUdfi/  (to  coin  a 
word),  we  have  the  stone  which,  when  made  to  act  on 
base  or  unripe  metals,  matures  and  ennobles  them. 
The  mode  of  action  of  the  philosopher's  stone  was 
considered  by  many  as  analogous  to  that  of  a  ferment. 
"Does  uot  yeast  change  the  juice  of  plants  or  a 
solution  of  sugar,  by  a  new  arrangement  of  their 
particles,  into  the  youth-giving  and  invigorating  water 
of  life  ?  {aqua  vihB,  alcohol),  Does  it  not  effect  the 
expulsion  of  all  impurities?  Does  not  a  ferment 
(sour  dough)  convert  flour  into  nourishing  bread  t  " 

— QSOEQE   RlFFBL,  15th  COntury. 

In  its  utmost  perfection,  as  the  umveriale,  one 
part,  according  to  Uoger  Bacon,  sufficed  to  transmute 
a  million  parts — according  to  Raymond  Lully,  ten  bil- 
lions of  parts — of  a  base  metal  into  gold.  According 
to  Basil  Valentine,  the  power  of  the  philosopher's 
stone  extends  only  to  seventy  parts  ;  and  John  Price, 
the  last  alchemist  and  gold-maker  of  the  eighteenth 
century,  descrihea  it  as  transmuting  only  from  thirty 
to  sixty  parts  of  base  metal. 

For  the  preparation  of  the  philoaopher's  stone  the 
first  requisite  was  the  raw  material,  the  Adamio 
earUi,  virgin  earth,  which  is  indeed  to  be  found 
everywhere,  but  its  discovery  is  dependent  on  cerbun 
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conditiouB  known  to  tbe  initiated  alone.  "  When  we 
hare  once  obtuned  this,"  says  Isaacns  Hollandns, 
"  the  preparation  of  the  stone  ie  onl  v  a  labour  fit  for 
women,  or  child's  play.  From  the  materiee  prima, 
cruda  or  remota,  the  philosopher  obtains  first  the 
mercury  of  the  adepts,  which  differs  from  ordinatj 
quicksilrer,  and  is  the  quinteeBence,  the  first  condition, 
of  the  creation  or  procreation  of  all  metals.  To  this 
is  added  philosophical  gold,  and  the  mixture  is  left 
for  a  long  time  in  an  incubatory  or  brooding  furnace, 
which  must  have  the  form  of  an  ^g.  There  ia  thoa 
obtained  a  black  substance,  the  raven's  head,  or  capwt 
eorvi,  which,  after  long  eiposure  to  heat,  is  converted 
into  a  white  body.  This  is  the  white  swan,  eygmu 
aOnu.  After  this  has  been  long  and  more  fieroely 
heated,  it  becomes  yellow,  and  finally  bright  red,  and 
now  the  great  work  is  consummated." 

Other  accounts  of  the  process  for  preparing  t&« 
philosopher's  stone  are  rendered,  by  their  being  mixed 
np  with  mystical  views,  yet  darker  and  more  myste- 
rious. The  custom,  too,  prevalent  in  those  ages,  of 
regulating  divisions  of  time  by  the  hours  of  prayer, 
passed,  during  the  tenth,  eleventh,  and  twelfth  cen- 
turies, into  the  laboratories  of  the  alchemists  ;  and  it 
is  easy  to  perceive  how,  by  degrees,  the  success  of 
the  operation  came  to  be  regarded  as  essentially 
dependent  on  the  efficacy  of  prayers,  which  prayers 
were  at  first  nsed  only  to  determine  its  duration.  In 
the  seventeenth  century,  the  transformation  of  ah:he- 
mistical  ideas  into  religious  notions  had  become  so 
cmoplete,  that  alchemistical  ezpresuons  were  fre- 
quently employed  to  designate  religious  ideas.  In 
the  writings  ot  the  mystics,  (for  example,  in  those  of 
the  enthusiastic  Jacob  Eohme,  tl624,)  the  term 
"philosopher's  stone"  no  longer  signifies  the  sub- 
stance which  transmutes  baser  metals  into  gold,  but 
"  converaion  ; "  the  clay  furnace  is  "  the  earthly 
body  ;  "  and  the  green  lion,  is  "  the  Lion  ot  David.' 

D% 
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PrfiTions  to  the  iavention  of  printing,  it  was  easy 
for  an  alcheraiet  to  keep  secret  his  discoveries.  He 
exchanged  them  only  for  the  observationB  of  other 
adepts.  The  c hem iool  processes  which  they  published 
are  cleftrly  and  intelligibly  described,  in  so  far,  at 
least,  as  thoy  are  not  such  as  to  lead  to  any  practical 
result  in  reference  to  the  chief  object  of  their  search  ; 
bat  they  exjn^ssed  their  views,  and  described  their 
labours,  on  the  subject  of  the  grand  arcanum  or  Uagis- 
terinm,  in  figurative  language  and  in  mysterious  sym- 
bols. They  propounded  in  an  unintelligible  language 
that  which,  in  their  own  minds,  was  only  the  faint 
dawn  of  an  idea. 

That  which  chiefly  ezcit«s  our  wonder  is,  that  the 
existence  of  the  philosopher's  stone  should  hare  been 
regarded,  for  so  many  centuries,  as  a  truth  established 
beyond  all  doubt,  while  yet  no  one  possessed  it,  and 
each  adept  only  muntained  that  it  was  in  the 
possesMon  of  another. 

Who,  indeed,  could  entertun  a  doubt,  after  Van 
Helmont  had  declared,  in  1618,  that  on  several  oo- 
oasions  there  had  been  sent  to  him,  from  an  unknovm 
hand,  one-fourth  of  a  grain  of  the  precious  material, 
with  which  he  had  converted  into  pure  gold  eight 
ounces  of  quicksilver  ?  Did  not  Helvetius,  the  dis- 
tinguished body  physician  to  the  Frince  of  Orange, 
and  the  bitter  opponent  of  alchemy,  himself  relate,  in 
his  "  Vitulus  attreut  gv,em  mundui  adorat  et  orat," 
(1667,)  that  he  had  obtained  the  most  convincing 

f  roofs  of  the  existence  of  the  philoeopher'a  stone  ? 
'or  he,  the  sceptic,  had  received,  from  a  stranger, 
a  fragment  of  the  size  of  half  a  rape  seed,  and  there- 
with, in  presence  of  his  wife  and  son,  had  trans- 
muted six  drachms  of  lead  into  gold,  which  stood  the 
testa  applied  to  it  by  the  Warden  of  the  Mint  at  the 
Hague  1  Were  not  two  pounds  and  a  half  of  quick- 
silver converted  into  pure  gold,  of  which  a  large  medat 
was  struck  (Kopp.  GeschKhte  der  Chenue  IV,  171). 
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^rith  the  figure  of  tie  God  of  Day  (Sol  w  gold) 
holdbg  the  cadoceas  of  Mercaiy,  to  indicate  the 
origin  of  the  preciouB  meti^,  and  the  legend  DiTtiTA 
Hetahobphosis   ezhibha  Fraqs,    XT.  Jait.,  Ak. 

■DOXLTQl,    IN    FR£SBNTTA    SaC.    CsS.    MaJ.    FeBDI* 

KAinii  Tertii,  etc.  ?  Waa  not  this  done  at  Prwoe, 
in  presence  of  the  Emperor  Perdinand  III.  (1637- 
1657)  \>j  the  Bnrgomaster,  Count  von  Rubs,  with  the 
aid  of  one  grain  of  a  red  powder,  which  he  had  re- 
QUTed  from  a  certain  Richthausen,  and  he  again _^wm 
on  vnlcnoion  ?  (According  to  J.  F,  Gmelln,  this 
medal  waa  still  extant  in  1797,  in  the  treasury  at 
Vienna.)  The  Landgrave  of  Hesee  Darmstadt  also, 
Ernst  Lndwig,  as  we  are  told  by  the  alchenuBtt, 
receiTod,  from  an  wiknovm  hand,  a  packet  containing 
red  and  white  tincture,  with  directions  for  their  use. 
Dncats  were  coined  of  the  gold  which  had  been  made 
from  lead  by  this  means,  and  from  the  silver  thus  ob- 
buned  were  coined  the  Heenan  Bpecie  dollars  (Species 
thaler)  of  1717,  on  which  is  the  legend  Sia  Deo 
PLAcmr  IS  TBiBiiLATioiiiBna.     (Kopp.  II.  172.) 

It  can  hardly  be  donbted  tjiat  the  amateurs  of 
alchemy  in  these  cases  experienced  eomethiiig  similar 
to  that  which  befel  the  distinguished  and  highly 
deserring  Professor  of  Theolt^,  Job.  Sal.  Semler 
in  Halle  (tl791],  who  occupied  himself  at  one  time 
in  experiments  with  a  then  renowned  universal  medi- 
cine, which  was  offered  for  sale  under  the  name  of 
atmospheric  salt  (Lufiiahi)  by  a  certain  Baron  von 
Hirsch.  Semler  tjionght  he  had  discovered  that  gold 
grew,  or  was  produced  in  this  salt  when  kept  warm 
and  moist.  He  sent,  in  1787,  a  portion  of  the  salt 
with  the  gold  grovrn  in  it  to  the  Academy  of  Sciences, 
at  Berlin,  Klsproth,  who  examined  it,  found  it  to 
contain  glaaber  salt  (sulphate  of  soda]  and  sulphate 
of  magnesia,  enveloped  in  a  magma  or  extract  of  urine, 
and  gold  leaf  in  considerable  quantity.  Semler  also 
Bent  to  Klaproth  some  of  the  salt  m  which  no  gold 
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lud  yet  grown,  and  a  liquor  whiob  "  contttined  fhe 
gemi  of  gold,  and  which  impregnated  the  atraospherie 
■alt  in  a  proper  warm  temperature."  It  appeared, 
Jtowerer,  that  the  salt  waa  already  mixed  with  gold. 
Semler  firmly  believed  in  the  prodaction  of  the  gold. 
In  1788  Le  wrote,  "Two  glassee  are  bearing  gold. 
Every  five  or  six  daja  I  remove  it ;  eaoh  time  about 
twelre  to  fifteen  grains.  Two  or  three  other  glasses 
are  in  progress,  and  the  gold  blooms  out  below."  A 
new  portion  which  was  sent  to  Klaproth  in  leaves  of 
from  four  to  nine  square  inches  proved  that  tbe  gold 
plant  had  unfortunately  degenerated  ;  for  it  now  bore 
adulterated  gold  or  pin<^beok.  At  last  tbe  matter 
was  cleared  up.  Semler's  servant,  who  had  to  take 
care  of  the  hothouse,  had  introduced  gold  into  th« 
glasses,  in  order  to  give  his  master  pleasure ;  but 
being  on  one  occasion  prevented  from  doing  so  himself, 
his  wife  undertook  tbe  bouuess ;  but  she  was  of 
opinion  that  pinchbeck  leaf  was  much  cheaper  and 
wonld  serve  the  purpose  equally  well. 

In  the  fourteenth,  fifteenth,  and  sixteenth  centuries, 
however,  men  were  not  so  familiar  with  the  means  of 
distinguishing  genuine  gold  and  silver  from  alloys  of 
similar  appearance  as  in  the  time  of  Semler.  The 
impostures,  which  were  practised  on  a  great  scale  by 
the  makers  of  gold,  were  not  sufficient  to  weaken  the 
popular  belief  in  the  reality  of  transmutation  of  metals. 
Henry  lY.,  of  England,  in  1423,  in  four  suocessiv* 
decrees,  summoned  all  nobles,  doctors,  professors,  and 
clergymen  to  devote  tbemaelves,  according  to  their 
several  abilities,  to  the  study  of  the  art,  in  order  to 
prooura  the  means  of  discharging  the  debts  of  the 
state.  "  The  clergy,"  said  tbe  king,  "  should  engage 
in  the  search  for  the  philosopher's  stone  ;  for,  since 
they  could  change  bread  and  wine  into  the  body  and 
blood  of  Christ,  they  must  also,  by  the  help  of  God, 
snoceed  in  transmuting  the  baser  metals  into  gold." 
What  suoceaa  attended  these  decrees  may  be  gathered 
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from  the  fact,  that  the  ScotUsh  parliament  enibse- 
quentlj  ordered  a  strict  valch  to  be  kept  in  all  the 
barboure  of  Scotland,  and  on  the  land  ftontier,  in 
order  to  prevent  the  introduction  of  false  money.  It 
is  taid  that  the  deacenduits  of  the  gold-makers  of 
tliftt  period  still  exercise  their  craft  in  Binningham. 

Dnriog  the  sixteenth  ceutorj  alchemists  wero 
fonnd  in  the  coortB  <^  all  princes.  The  Emperor 
Sndolph  II.  and  the  Elector  Palatine  Frederick  were 
inown  as  patrons  of  alobemj.  Men  of  all  ranks  stadied 
teansmutation,  and  strove  to  attain  possession  of  the 
grand  arcannm.  Jnst  as  in  the  present  da;  vast  sums 
jure  expended  bj  priDces,  private  persons,  and  associa- 
tions in  miniog  enterprises  for  the  discovery  of  metallic 
ores,  of  coal,  or  of  strata  of  salt,  so  irere  vast  sams 
squandered  in  the  sixteenth  and  seventeenth  centuries 
f(v  the  researches  deemed  necessary  in  order  to  dis- 
cover the  philosopher's  stone.  A  multitude  of  ad- 
Tentnrers  appeared,  vho  endoaTOured,  at  the  courts 
of  the  great  and  mighty,  to  pass  for  adepts,  that  is, 
possessors  of  the  secret ;  but  this  vas  a  dangerous 
game  :  for  those  who  at  one  court,  or  at  another, 
sncceeded,  by  dexterously  managed  transmutations, 
in  establishing  their  character  as  adepts,  and  carried 
off  honours  and  riches  as  their  reward,  were  sore 
'finally  to  fail  elsewhere  ;  and  their  end  commonly 
was,  to  be  hnng  in  a  robe  covered  with  gold  leaf  on 
a  gaUowe  adorned  in  a  like  manner.  Those,  again, 
whose  impostnre  could  not  be  proved,  ezpiatcd  the 
fotal  honour  of  being  believed  to  possess  the  philo- 
sopher's stone,  under  the  hands  of  covetous  princes, 
by  imprisonment  and  tortares.  Indeed,  the  cmel 
treatment  which  such  adventurers  experienced  was 
regarded  as  the  strongest  proof  of  the  tmth  of  thdr 
.art, — Kopp, 

The  great  (Francis)  Bacon,  Benedict  Spinosa,  and 
Leibnitss  believed  in  the  philosopher's  stone,  and  in 
tlie  possibility  of  the  transmutation  of  metals  ;  and 
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the  deciBions  of  Faculties  of  Jurisprudence  prove  how 
deep  and  how  widely  extended  these  ideas  had  at  that 
period  become.  The  Faculty  of  Law  in  Leipsic 
declared,  in  15S0,  in  their  judgment  against  Darid 
Beuther,  that  he  was  proved  to  poeeeBS  the  knowledge 
of  the  philosopher's  Btone  ;  and  the  same  Faculty,  in 
1725,  gave  a  deciuon  in  the  affair  of  the  CounteBS 
Anna  Sophia  von  Erbach  against  her  husband,  Count 
Frederick  Charles  von  Qrbach,  The  lady  had  granted 
protection,  in  her  castle  of  Frankenstein,  to  a  fugitive, 
who  was  pursued  and  hunt«d  like  a  wild  beast  ;  and 
he,  who  was  an  adept,  had,  to  show  his  gratitude, 
converted  the  silver  plate  of  the  countess  into  gold. 
The  count  claimed  the  half  of  it,  because  the  increase 
in  its  valne  had  been  obtained  on  his  territory,  and 
under  coverture.  But  the  Faculty  decided  agunst 
him,  because  the  object  claimed  had  been,  before  ita 
coBversion  into  gold,  the  property  of  the  couDtess,  and 
she  could  not  lose  her  right  of  property  in  it  by  the 
transmutation. 

In  our  day,  men  are  only  too  much  disposed  to 
regard  the  views  of  the  disciples  and  followers  of  the 
Arabian  school,  and  of  the  late  alchemists,  on  the 
subject  of  transmutation  of  metals,  as  a  mere  hallaci- 
nation  of  the  human  mind,  and,  strangely  enough,  to 
lament  it.  But  the  idea  of  the  variable  and  change- 
ftble  correapoDds  to  universal  experience,  and  always 
precedes  that  of  the  unchangeable.  The  notion  of 
bodies,  chemically  rimple,  was  first  firmly  established 
in  the  science  by  the  introduction  of  tiie  Daltonian 
doctrine,  which  admits  the  existence  of  solid  particlest 
not  further  divisible,  or  atoms.  But  the  ideas  con- 
nected with  this  new  are  so  little  in  accordance  with 
our  experience  of  nature,  that  no  chemist  of  the 
present  day  holds  the  metals,  absolutely,  for  sunploi 
undecomposable  bodies,  for  true  elements.  Only  a  few 
years  since,  Berxelius  was  firmly  convinced  of  the 
compound  nature  of  nitroffen,  chlorine,  bromine,  and 
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iodine  ;  and  we  ftUov  our  so-otJled  umpte  Bubstances 
to  pBBs  for  such,  not  because  we  know  that  they  are 
in  reality  nndecompMable,  but  because  thej  are  as 
yet  nndec<HDpoaed ;  that  is,  because  we  cannot  jet 
demonstrate  their  decompoBabilitj,  so  as  to  satisf;  the 
requiroments  of  science.  But  we  all  hold  it  possible 
that  this  may  be  done  to-morrow.  In  the  year  1807, 
the  alkalies,  alkaline  earths,  and  earths  proper,  were 
regarded  as  simple  bodies,  till  Darj  demonstrated 
that  they  were  componnds  of  metals  with  biygen. 

In  the  last  twenty-five  years  of  the  preceding 
centnry,  many  of  the  most  distinguished  phUosophers 
belieTed  in  the  transmutation  of  water  into  earth. 
Indeed,  this  belief  was  so  widely  prevalent,  that 
LsToisier,  the  greatest  chemist  c^  his  day,  thought 
it  advisable,  in  a  series  of  beautiful  experiments, 
to  submit  to  investigation  the  grounds  on  which  it 
rested,  and  to  point  out  their  fallacy.  Such  notions 
as  that  of  the  production  of  lime  during  the  inoubation 
o^  ^SSs,  and  of  iron  and  metallic  oxides  in  the  animal 
and  vegetable  vital  processes,  have  found,  even  in  the 
present  century,  acute  and  enthusiastic  defenders. 

It  is  the  prevailing  ignorance  of  chemistry,  and 
especially  of  its  history,  which  is  the  source  of  the  very 
ludicrous  and  excessive  estimation  of  ourselves,  wiUi 
which  many  look  back  on  the  age  of  alcbrany  ;  as  if 
it  were  possible  or  even  conceivable  that  for  more  than 
ft  thousand  years  the  most  learned  and  acnte  men, 
such  as  Francis  Bacon,  Spinosa,  and  Leibnits,  could 
have  regarded  as  tme  and  well-fonaded  an  opinion 
Ttnd  of  all  foundation.  On  the  contrary,  must  we  not 
sappose,  as  a  matter  beyond  a  doubt,  that  the  idea  of 
the  transmutability  of  metals  stood  in  the  most  perfect 
harmony  with  all  the  observations  and  all  the  knowledge 
of  that  age,  and  in  contradiction  to  none  of  these  ? 

In  the  first  stage  of  the  development  of  science,  the 
•lehemists  could  not  posnbly  have  any  other  notions 
of  the  nature  of  metau  than  those  which  they  actually 


ffl  LETTEES  ON  CHEJOffTET. 

held.  No  otheTH  were  admissible  or  eFen  possible  ; 
ftnd  their  views  were  conseqaently,  by  natural  law, 
inentabte.  Without  these  id«as,  chemistry  would 
not  now  stand  in  its  present  perfection  ;  and  in  order  t« 
call  that  science  into  esisteDoe,  and  in  the  course  of 
1500  or  2000  years  to  bring  it  to  the  point  which 
it  has  now  reached,  it  would  have  beeu  neceBsary  to 
create  the  science  anew.  We  hear  it  said  that  the 
idea  of  the  philosopher's  stone  was  an  error  ;  bat  all 
our  views  have  been  developed  from  errors,  and  that 
which  to-day  we  regard  aa  truth  in  chemistry,  may, 
perhaps,  before  to-morrow,  be  recognised  as  a  fallacy; 

Every  theory  which  urges  men  to  labour  and 
research,  which  excites  aouteness  and  austains  perse- 
verance, K  a  gain  to  science ;  for  it  is  labour  and 
research  which  lead  to  discoveries.  The  three  laws 
of  Kepler,  which  are  regarded  as  the  foundation  of 
modern  astronomy,  were  not  derived  irom  just  views 
of  the  nature  of  that  force  which  retains  the  planets 
in  thdr  revolutions  and  in  their  orbits,  but  are  simply 
deductions  obtained  by  the  art  of  experimenting ;  that 
is  to  say,  by  labour  and  research. 

The  most  lively  imagination,  the  moat  acute  intel- 
lect, is  not  capable  of  devising  a  thought  which  could 
have  acted  more  powerfully  and  coustantly  on  the 
minds  and  foculties  of  men,  than  that  very  idea  of 
the  philoaopher'fl  atone.  It  wae  that  same  force 
which  urged  thousands  of  adventurers,  with  and  after 
ColnmbuB,  to  venture  fortune  and  life  on  the  discovery 
of  a  newworld,  and  which,  in  our  day,  drives  hundreds 
of  thousands  to  cross  the  mountains  of  Western 
America,  and  thus  to  spread  cultivation  and  civilisa- 
tion over  that  hitherto  neglected  part  of  the  globe. 

In  order  to  know  that  the  philosopher's  stone  did 
not  really  exist,  it  was  indispensable  that  every  sub- 
stance accesubte  to  study  and  observation  should  be 
observed  and  examined,  in  accordance  with  the 
scientific  resources  of  the  time.     But  it  is  precisely 
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m  this  that  ire  perceiTQ  the  ahuost  miraculous  iafln- 
ence  of  the  idea.  The  Htrengtb  of  the  opinion  could 
not  be  broken,  till  science  had  reached  a  certain 
atage  of  development.  During  centuries,  as  we  have 
Been,  whenever  doubts  arose,  and  the  labourers  became 
languid  in  their  efforts,  a  myiterioue  unknown  was 
sore  to  appear  at  the  right  moment,  who  convinced 
Bome  prominent  and  tmstworthy  man  of  the  reality 
of  the  great  Magisterium. 

A  person  ignorant  of  Bcienoe,  who  takes  the 
trouble  to  read  a  simple  page  of  a  Miuiual  of 
Cbenustrj,  must  feet  the  ubuost  astonishment  at  tho 
mass  of  individual  facts  there  recorded.  Almost  every 
word,  in  such  a  hook,  expresses  an  observation  or  a 
phenomenon.  These  observations  did  not  present 
tbemselvea  to  the  observer  ;  they  were  laboriously 
Bonght  for  and  obtained.  What  would  bo  the  present 
position  of  science  without  sulphuric  acid,  which  was 
discovered  by  the  alchemist  more  than  a  thousand 
y«ars  ago,  without  muriatic  acid,  nitric  acid,  ammonia, 
the  Sxed  alkalies,  the  numberless  compounds  of  metals, 
alcohol,  ether,  phosphorus,  or  prussian  blue  ?  It  is 
impossible  to  form  a  juat  conception  of  the  difficulties 
which  the  alchemists  had  to  overcome  in  their  tS' 
searches  ;  for  they  were  of  necessity  the  inventors  of 
the  apparatus  or  instruments,  and  of  the  processes 
which  served  for  the  production  of  their  preparations, 
and  they  w.ere  oompelled  to  make  with  their  own 
hands  everything  which  they  employed  in  their 
experiments. 

Alchemy  was  never  at  any  IJme  anything  different 
from  chemistry.  It  is  utterly  nojust  to  confound  it, 
as  is  generally  done,  with  the  gold-raaking  of  the 
sixteenth  and  seventeenth  centimes.  Among  the 
Chemists  there  was  always  to  be  found  a  nucleus  of 
genuine  philosophera,  who  often  deceived  themselves 
in  their  theoretical  views  ;  whereas  the  gold-makers 
properly  soHsalled,  knowingly  deceived  both  themselves 
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imd  others.  Alchemy  was  the  pnre  acience,  gold- 
making  iQcluded  all  those  proceues  in  which  cbemiBtry 
was  technically  applied.  The  achievenients  of  such 
tdoheinists  as  Glauber,  Bottger,  and  Kunkel,  in  this 
direction,  may  be  boldly  compared  to  the  greatest 
diacoreries  of  ow  oentory. 

Uany  of  the  fandamental  or  leading  ideas  of  the 
present  time  appear,  to  him  who  knows  not  what 
science  has  already  achieved,  as  eztraTagont  as  the 
notions  of  the  alchemists.  Not,  indeed,  the  trausmu- 
tation  of  metals,  which  seemed  so  probable  to  the 
ancients,  but  far  stranger  things  are  held  by  us  to 
he  attainable.     We  have  become  so  accustomed  to 

.  'bonders  that  nothing  any  longer  excites  our  wonder. 

^  We  fix  the  solar  rays  on  paper,  and  send  our  thoughts 
literally  with  the  Telocity  of  lightning  to  the  greatest 
distances.  We  can,  as  it  were,  melt  copper  in  cold 
water,  and  cast  it  into  statnes.  We  can  freeze  water 
into  Ice,  or  mercury  into  a  solid  malleable  mass,  in 
white-hot  crucibles  ;  and  we  coauder  it  quite  prac- 
ticable to  illuminate  most  brightly  entire  cities  with 
lamps  devoid  of  flame  or  fire,  and  to  which  the  air 
has  no  access.  We  produce,  artificially,  ultramarine, 
one  of  the  most  precious  minerals  ;  and  we  believe, 
that  tO'morrow  or  next  day  some  one  may  discover 
a  method  of  producing,  from  a  piece  of  charcoal  a 
splendid  diamond  ;  horn  a  bit  of  alum,  sapphires 
or  rubies  ;  or  from  coal-tar  the  beautiful  colouring 
principle  of  madder,  or  the  valuable  remedies  known 
as  quinine  and  morphine.  AU  these  things  are 
either  as  precious  or  more  useful  than  gold.  Every 
(me  is  occupied  in  the  attempt  to  discover  them,  and 
yet  this  is  the  occupation  of  no  individual  inquirer. 
All  are  occupied  wiUi  these  things,  inasmuch  as  they 
study  the  taws  of  the  changes  and  transformations 
to  which  matter  is  subject  ;  and  yet  no  one  individnal 
is  specially  engaged  in  these  researches,  inasmuch 
as  no  me,  for  example,  devotes  his  life  and  energies 
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to  the  eolnlion  of  tbe  problem  of  making  diamonds 
or  quinine.  Did  such  n  man  eiiet,  fnmiahed  with 
the  necBBBarj  knowledge,  and  with  the  courage  and 
persereranoe  of  the  old  gold-makers,  he  would  have  a 
good  prospect  of  being  enabled  to  solve  such  problems. 
The  latest  discorerieB  on  the  constitution  and  produc- 
tion of  the  orgaoio  bases  permit  us  to  believe  all  tills, 
without  giring  to  anj  one  the  right  to  ridiaole  ub  as 
makers  of  gold. 

Science  has  demonstrated  that  man,  the  being  who 
performs  all  these  wonders,  is  formed  of  condensed 
air  (or  solidified  and  liquefied  gases) ;  that  he  Utcb 
on  condensed  as  well  as  nncondensed  air,  and  clothes 
himself  in  condensed  air  ;  that  he  prepares  his  food  bj 
means  of  condensed  air,  and,  bj  means  of  the  same 
agent,  moves  the  heaviest  weights  with  the  velocity  of 
die  wind.  But  the  strangest  part  of  the  matter  ia, 
that  thousands  of  these  tabernacles  formed  of  oon^ 
densed  air,  and  going  on  two  legs,  occasionally,  and 
on  account  of  die  production  and  sapply  of  those 
forms  of  condensed  air  which  they  require  for  food 
and  clothing,  or  on  account  of  their  hononr  and 
power,  destroy  each  other  in  pitched  battles  bj 
means  of  condensed  air :  and  further,  that  many 
believe  the  peculiar  powers  of  the  bodiless,  conscious, 
thinking,  and  sensitive  being,  housed  in  this  taber- 
nacle, to  be  the  result,  simply,  of  its  internal  structure 
and  the  arrangement  of  its  particles  or  atoms  ;  while 
chemistiy  supplies  the  clearest  proof,  that,  as  far  as 
concerns  this  the  ultimate  and  most  minate  compo- 
sition and  structure,  which  is  beyond  the  reach  <tf  oor 
lenses,  man  is,  to  all  appearance,  identical  with  the  os, 
or  with  the  animal  lowest  in  the  scale  of  creation. 

But  to  return  to  alchemy.  In  judging  of  it,  we 
are  hut  too  apt  to  forget  that  a  science  represents  a 
spiritual  organism,  in  which,  as  in  man,  self-consciouB- 
ness  first  appears  at  a  certain  stage  of  its  develop- 
ment.   We  now  percdve  (hat  all  the  special  ohjecta 
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puTBued  by  the  alchemists  have  contributed  to  the 
attainment  of  a  higher  end  than  that  of  which  they 
were  conacioua.  The  path  which  has  led  to  this 
result  was  obyiouBly  the  best.  To  build  a  palace,  we 
require  many  stones  which  must  be  quarried,  and  many 
trees  which  must  be  felled  and  hewed  ;  but  the  plan 
comes  from  above,  and  is  known  to  the  architect  alone. 

The  philoaopher's  stone,  for  which  the  ancients 
sought  with  a  dim  and  iU-deflned  impulse,  was,  in 
its  perfection,  nothing  else  than  the  science  of 
chemistry.  Is  that  not  the  philosopher's  stone  which 
promises  to  increase  the  fertility  of  onr  fields  and  to 
ensure  the  prosperity  of  additional  millions  of  man- 
kind ?  Does  not  chemistry  promise  that  instead  of 
seven  grains  we  shall  be  enabled  to  raise  eight  or 
more  on  the  same  soil  ?  Is  that  science  not  the 
philosopher's  stone  which  changes  the  ingredienta 
ef  the  crust  of  the  earth  into  useful  products,  to  be 
further  transformed,  by  commerce,-  into  gold  ?  Is 
that  knowledge  not  the  philosopher's  stone  which 
promises  to  disclose  to  us  the  laws  of  life,  and  which 
must  finally  yield  to  ns  the  means  of  curing  diseases 
and  of  prolonging  life  ? 

Elfcery  new  discorery  opens  up  wider  and  richer 
fields  to  oar  researches ;  and  in  the  laws  of  nature 
we  are  still  ever  seeking  the  "  virgin  earth  "  of  the 
alchemists,  a  search  which  can  never  have  an  end. 

Ignorance  of  the  history  of  science  is  the  cause 
why  we  frequently  look  back  with  a  kind  of  contempt 
also  to  the  second  period  of  chemistry,  namely,  the 
phlogistic  period,  and  regard  it  as  insignificant.  Our 
self-esteon  deems  it  inconceivable  that  the  experi- 
ments of  John  Rey,  on  the  increase  of  weight  in 
metals  during  the  operation  called  calcination,  re- 
mained unregarded  ;  and  that,  while  these  ezperi~ 
ments  existed,  the  idea  of  phlogiston  could  be  de- 
veloped and  obtain  a  footing.  But  all  the  efforts 
of  that  age  were  directed  to  the  arrangement  of  that 
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which  was  ascertained,  and  which  waited  only  for 
ammgemeitt.  Rej'a  obBervatJons  had  no  influence 
whatever  on  that  period,  becauBO  they  were  not  yet 
hrought  into  connection  with  the  process  of  combustion 
generally  ;  and  this  being  the  case,  were  there  not 
many  bodies,  which,  in  the  same  ciroumstanceB, 
became  lighter,  or  disappeared  entirely  to  the  senses  ? 
The  object  of  all  the  labours  of  Becker  and  Stahl 
jutd  their  followers  was  the  discovery  of  those  pheno- 
mena which  belonged  to  the  same  class  and  were 
produced  by  the  same  cause. 

That  the  calcination  of  metals  and  the  prodnction 
of  sulphuric  acid  from  sulphur,  and,  on  the  other 
hand,  the  recovery  of  metals  from  their  calces  and  of 
sulphur  from  sulphuric  acid,  were  analogous  processes 
closely  related  to  one  another  ;  (before  Stahl  it  was 
not  even  known  that  in  caU  or  rust  of  won,  iron  still 
remained,  or  that  sulphur  still  existed  in  sulphurio 
acid,  and  tiiat  both  iron  and  sulphur  could  be  recovered 
from  these  bodies,  rust  of  iron  and  sulphm'ic  acid,) 
this  great  and  incomparable  discovery  det«rtnined  the 
progress  of  chemistry  to  our  time.  In  that  discovery 
lies  a  truth,  which  is  still  acknowledged  aa  such,  and 
is  quite  independent  of  the  knowledge  of  the  relative 
weights.  Before  men  could  begin  to  weigh,  they 
needed  to  know  what  was  to  be  weighed  ;  before 
applying  weight,  measure,  or  numbers,  it  was  necessary 
to  know  the  eiisteoce  of  a  relation  between  two  objects, 
die  nature  and  amount  of  which  relation  vras  to  be 
determined.  To  have  discovered  and  established  such 
relations,  in  connection  with  the  most  important  of  all 
procesees,  the  process  of  combtislion,  this  is  tha 
immortal  glory  ot  Stahl. 

We  value  facts  because  of  their  permanence  and 
immntahility,  and  because  they  supply  the  soil  for 
ideas  ;  but  a  fact  acquires  its  true  and  fall  value  only 
through  the  idea  which  ia  developed  from  it.  Many 
&eta  were  not  in  possession  of  Stahl,  but  t^  idea  u 
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bis  property.  C&rendish  and  Watt  both  discovered 
the  composition  of  water.  Cavendish  eatabliehed  the 
facts  ;  Watt  the  idea.  Cavendish  sajs,  "  From 
inflammahle  air  and  dephlogisticated  ur  water  is 
prodnced,"  Watt  saja,  '' Water  consiats  or  ia  com- 
posed of  inflAmmable  air  and  dephlogisticated  air." 
Between  these  forms  of  expreseioa  there  is  a  wide 
distinction. 

.  The  attaching  too  high  a  value  to  the  mere  facta  is- 
/often  a  sign  of  a  want  of  ideas.  It  is  not  fertility, 
but  poverty  of  ideaa  which  clothes  itself  with  a  mass 
of  coverings  of  all  sorts,  or  wears  old,  tattered, 
threadbare,  and  ill-fitting  garments. 

There  are  ideas  bo  great  and  vast,  that  even  when 
entirely  perforated,  as  it  were,  in  all  directions,  they 
leaveenoughofmatter.to  occupy  the  powers  of  thought 
of  mankind  for  a  century.  Such  a  great  vast  idea 
was  that  of  phlogiston. 

Phlogiston  was  originally  an  idea,  and  the  question 
as  to  its  material  existence  was  void  of  all  significance, 
BO  long  as  the  idea  was  fruitful  in  the  classificatjoa 
of  known  facts,  and  prepared  the  way  for  new  gene- 
ralisations.  When  men  took  np,  in  their  explanation 
(of  combustion),  the  notion  of  weight,  they  discovered 
the  degree  in  which  the  process  depended  on  a  peculiar 
ingredient  of  the  atmosphere ;  but  the  phenomenon 
itself  was  not  thereby  better  or  more  completely 
explained  than  before.  The  proportion  in  which  air, 
or  any  other  body,  became  heavier  in  combustion, 
was  not  known  to  Stahl  ;  and  the  question,  in  what 
relation  the  process  of  decomposition,  in  virtue  of 
which  light  and  heat  are  developed,  stands  to  the 
process  of  combination,  or  to  the  gain  or  loss  of 
weight  ? — this  is  a  problem  unsolved  to  the  present 
day.  The  difference  is,  that  we  push  aside,  and  in  a 
manner  neglect,  the  phenomenon  which  Stahl  regarded 
as  the  chief  one. 

That  which  is  developed  in  accordance  with  natural 
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lawB  cannot  proceed  faster  than  it  actutilly  does.  It 
vas  0&I7  after  men  had  become  acquainted  with 
palpable  objects,  that  the  chemiBtr;  of  inviBible 
bodice  could  acquire  a  form.  The  modern  idea  of 
a  chemical  compound  has  proceeded  front  pneumatic 
chemistry  ;  but  in  Stabl's  time,  the  notion  "of  the 
chemical  character  of  a  gas  or  of  the  air  was  not  yet 
developed.  It  was  on  the  loss  of  volume,  or  ok  the 
disappearance  of  a  gas,  that  men  first  'saw  and  recog- 
nised chemical  attraction.  Hatea,  in  1727,  saw  air 
(or  gas)  produced  from  a  number  of  bodies  by  the 
action  of  heat.  Everyttung  that  poBsessed  the 
gaseous  form  and  elasticity  was  to  him  simply  air  ; 
and  he  was  not  struck  with  the  remarkable  differences 
between  carbonic  acid  gas,  inflammable  gases,  and 
atmospheric  air.  He  eiplained  the  diminution  of 
Tolume  in  a  gaa  by  contact  with  water  or  in  combustion, 
not  by  solution  or  combination,  but  by  a  loss  of  the 
expansive  power.  The  masterly  researches  of  Black 
laid  the.  foundation  of  tiie  anti-phlogiatic  chemistry. 
Tbo  fnndameotat  eiperiment  of  LaToisier,  the  calci* 
nation  and  reviving  of  red  oxide  of  mercury  and  the 
absorption  and  reappearance  of  an  ingredient  of  the 
air  on  these  processes,  is  only  an  imitation  of  Black's 
eiperiments  on  lima  and  the  alkalies.  When  Black 
showed  that  quicklime  exposed  to  the  air  becomes 
mild  (or  carbonated)  and  increases  in  weight — when 
he  proved  that  this  increase  of  weight  depended  on 
the  absorption  of  a  gas  (carbonic  acid)  IVom  the 
atmosphere,  which  gas  could  be  again  expelled  by 
beat, — when  he  demonstrated  that  the  increase  of 
weight  in  the  lime  was  equal  to  the  weight  of  the 
absorbed  gas  ;— when  JBIack  did  all  this,  then  began 
the  epoch  of  quantitative  reeeuch,  of  the  use  of  the 
balance.  Phlogiston  lost  its  significance  ;  the  idea 
was  replaced  by  a  firmly  linked  chain  of  facts. 

Uany  chemists,  even  at  the  present  day,  find  it 
impossible  to  do  without  certain  colleclJve   names. 
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analogous  to  the  word  phlogiatoti,  for  procesaea  whicb 
they  regard  as  belonging  to  the  same  class,  or  deter- 
mined by  the  same  canse.  But  instead  of  chooeing 
for  this  purpose  words  which  designate  things,  as 
was  the  custom  dll  the  end  of  the  seventeenth  [qu. 
eighteenth  ?  W.  Q.]  century,  (phJo^ston  means,  for 
example,  fire,  or  light,  and  heat),  they  employ,  sine* 
the  time  of  Bcrthollet,  terms  which  designate  what 
are  called  "  forces."  For  example,  nothing  can  ba 
more  opposed  to  the  rules  of  philosophic  research 
ihAn  is  toe  inrention  and  the  use  of  the  word  cafatynM 
or  catalytic  force.  We  all  know  that  no  essential 
truth  is  expressed  in  that  word  ;  but  the  majority  of 
mankind,  from  the  want  of  just  conceptions,  cannot 
do  without  it ;  and  the  necessity  for  classification  and 
connection  of  obserred  facts  will,  even  in  the  case  of 
the  minority,  ensure  its  acceptance  and  use,  until  the 
facts  to  ybitih  it  refers  shall  have  been  duly  arranged 
and  classified. 

It  has  been  siud  that  every  science  -most  pass 
through  three  periods  of  development.  The  first  u 
that  of  presentiment,  or  of  faith ;  the  second  is  that 
of  sophistry  ;  and  the  third  is  that  of  sober  research. 
Alchemy  is  regarded  as  the  religious  period  of  the 
science  afterwards  called  Chemistry.  But  this  opinion 
is  decidedly  erroneous,  as  for  as  concerns  all  the 
inductive  sciences.  To  investigate  the  essence  of  a 
natural  phenomenon,  three  conditions  are  necessary. 
We  must  first  study  and  know  the  phenomenon  itself, 
from  all  sides ;  we  must  then  determine  in  what 
relation  it  stands  to  other  natural  phenomena  ;  and, 
lastly,  when  we  have  ascertained  all  those  relations, 
we  have  to  uAve  the  problem  of  measaring  these 
relations,  and  the  laws  of  mutual  dependence  ;  that  is, 
of  expressing  them  in  numbers.*     The  science  of 

*  Tbe  phenomcBoD  of  the  eEFerreKence  of  limeMoas  and  of 
potiihil  with  BCidi  hu  been  known  from  tha  eirlicit  timei ;  bat  it 
wu  in  Iho  nrentoentli  ceatnij  thM  (lis  obiemlion  wu  fint  mtdti. 
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cliemistry  embraoes  all  thoBo  ^enomena  cf  the 
material  world  which  are  determined  by  a  oertain 
number  of  natural  forces  or  causes  (such  as  chemical 
attraction,  heat,  light,  cohesioD,  grSTltation,  be.) ; 
and  its  historicid  development  exhibits  three  periods, 
corresponding  to  the  three  conditions  above  specified, 
as  being  essential  to  the  full  knowledge  of  any  indi- 
vidual phenomenon. 

In  the  first  period  of  chemistry,  all  the  powers  of 
men's  minds  were  devoted  to  acquiring  a  knowledge  of 
the  properties  of  bodies  ;  it  was  necessfiry  to  discover, 
observe,  a.ni  ascertain  their  peculiarities.  This  is  the 
alchemistical  period.  The  second  period  embraces  the 
determination  of  the  motual  relations  or  connexions 
of  these  properties  ;  and  this  is  the  period  of  phlo- 
gistic chemistry.  In  the  third  period,  in  which  we 
now  are,  we  ascertain  by  weight  and  measure,  and 
express  in  numbers,  the  degree  in  which  the  proper- 
ties of  bodies  are  mutually  dependent.  The  inductive 
sciences  begin  with  the  substance  itself ;  then  come 
just  ideas ;  and  lastly,  mathemstics  are  called  in, 
and,  with  the  aid  of  numbers,  completes  the  work. 

thtl  thii  eScrrucencc  proceeded  from  the  !«ape  of  ■  kind  of  tir, 
diSennt  from  common  lir;  that  thia  air  occurs  in  certain  mineral 
mten;  that  it  ii  formed  in  fermentation,  and  produced  alio  in 
the  comboition  of  coal;  that  animala  are  suffocated,  and  flame 
eitingniihed,  in  it.  Centutiei  pMwd  before  the  phenomenan  of 
eSemcenee  wu  known  in  entj  point  of  new,  and  then  it  wai 
diKOTered  that  the  mildaell  and  canitidt;  of  lime  and  of  alkaliei 
depended  on  the  ab»n«  or  prHence  of  carbonii:  acid  ;  that  the 
batdening  of  mortar  wa*  cauaed  bj  an  abioiplion  of  carbonic  acid 
from  Uie  almotpbtre;  that  the  development  of  catbouii:  acid  in  the 
fermentation  of  wine  and  beer  d^etKUd  on  the  derompoution  of 
mpu,  Sui.  At  lait,  carl»niG  acid  wai  reaolied  into  it>  eiementi,  ita 
coiDpouUaa  vat  determined,  and  the  proportion!  bj  weight  were 
uccrtained,  in  which  it  combines  with  lime  and  other  haiic  oitdet 
«(  metali  -,  while  we  alio  became  acqiiuoted  with  the  amount  or 
proportion  in  which  its  gaaeoua  itate  dcpendi  on  heat  and  prennre, 
wiUi  its  epedflc  sod  latent  heat,  and  with  its  properliet  in  ^e  liquid 
tod  solid  forma. 
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The  political,  as  well  as  tie  ecientific  history  of 
natioDB,  shows  ub,  in  like  lusnDer,  three  periods.  In 
the  first,  the  qualities  and  faculties  of  men  are 
developed,  in  all  their  TarietieB  and  contrasts.  Weak- 
ness Buhmits  to  strength  :  wisdom  and  the  g^t  of 
iovention  are  honoured  as  godlike  qualities ;  lite 
general  conditiona  of  the  social  compact  are  laid  down 
in  the  form  of  commandments.  All  these  commuid- 
ments  begin  with  the  words  "  Thou  shalt ; "  men 
have  duties,  but  no  rights.  In  the  next  period  are 
developed  the  relations  of  mutual  dependence  among 
these  qualities.  The  oontest  hetween  opposite  qualities 
leads  to  the  adoption  of  laws  ;  from  the  consoiousnesB 
of  that  which  is  right,  is  developed  the  sense  of  the 
possession  of  rights,  political  and  social.  By  the 
union  of  similar  rights,  political  powers  arise.  The 
struggle  of  opposite  powers  (such  as  democraoj, 
oligarehj,  and  monarchy,)  leads  to  revolutions  ;  and 
revolution  is  the  name  given  to  those  processes  by 
which  a  disturbed  equilibrium  is  restored.  In  the 
third  or  last  period,  that  amount,  degree,  or  propor* 
tion  of  mutual  dependence  among  all  qualities,  rights, 
and  powers,  which  secures  to  the  individual,  without 

S'ury  to  others,  the  fullest  and  freest  development  of 
his  faculties  and  qualities,  is  fixed  ;  and  thence- 
forth revolutions  are  at  an  end. 


LETTER  rv. 

NuHBRBLzas  germs  of  intellectual  life  fill  the  nnt- 
verse,  but  it  is  only  in  a  few  rare  minds  that  these 
germs  fiud  a  soil  in  which  they  can  be  developed. 
In  these  chosen  minds  the  idea,  whose  origin  u 
unknown,  shows  its  vitality  in  creative  acta ;  in  them, 
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tbe  mjBterioiu  laws  of  nature  assume  a  form, 
efficient,  active,  and  recognisable  by  all. 

It  IB  not  to  the  warlike  deeds  of  mighty  princes 
and  renowned  generals,  but  to  the  never-dying  names 
of  such  men  as  Columbus,  Copernicus,  Kepler, 
Qalilco,  and  Newton,  that  history  refers  the  past 
progress  in  natural  science,  and  the  intellectual 
adTancement  of  tbe  present  time.  The  doctrines  of 
the  church,  invading  every  branch  of  knowledge,  and 
the  prevalence  of  a  false  philosophy,  hod  arrested  the 
&ee  expansion  of  the  human  intellect  for  a  thousMid 
years.  A  system  of  teaching,  like  that  of  the  Celestial 
Empire,  which  even  nowescites  in  the  learned  men  of 
China  a  peculiar  sense  of  pleasure  in  the  reading  of 
pages  of  meaningless  names,  had  amiihllated,  in  the 
foil  blossom  of  the  scholastic  philosophy,  all  desire  after 
the  investigation  of  truth.  Like  a  tffie  which,  when 
checked  in  its  growth  by  external  hnpediments,  is 
crippled  into  the  strangest  shapes,  so  did  the  noblest 
mental  powers  languish  and  become  deformed  in  the 
nnyielding  mould  of  hair-eplitting  dialectics.  Hen 
of  acknowledged  reputation  and  learning  wrote  books 
and  treatisea  on  storms,  or  on  showers  of  blood,  in 
which  tbey  discussed  every  thing,  saTe  only  the 
explanation  of  the  phenomena. 

Whether  Adam,  while  yet  without  un,  waa  already 
aoquunted  with  the  "  Liber  Sententiarum  "  of  Petms 
Ijotnbardus  ?  * — what  was  the  age  and  dress  of  the 
angel  who  brought  the  message  to  the  holy  Virgin 
Hary? — whether  there  had  exiated  in  Paradise, 
before  the  fall,  the  necessary  excretions  of  the  human 
body  ? — whether  tbe  angels  spoke  Greek  or  Hebrew? 
—how  many  tbonsand  angels  could  stand  on  a 
needle's  point  without  crowding?  To  these,  and 
similar  questions  and  researches,  which  in  our  times 
would  be  regarded  as  valid  evidence  of  insanity  or 

*  Died  1164,  u  Biihop  ofpton. 
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follj,  were  the  most  diatiiiguished  intelleotUEil  powers 
devoted.  Renowned  phifoaophera  corresponded  at 
great  length  concerning  the  gift  posaesBed  by  the 
Kings  of  France  and  England,  of  healing  scrofula  by 
the  mere  touch.  They  disputed  as  to  whether  this 
miraculouB  gift  adhered  to  the  throne  or  to  the  family. 
It  was  reckoned  among  the  hidden  forces,  the  exist- 
ence of  which  was  sufficiently  demonstrated  by  ex- 
perience. 

In  order  to  find  the  right  path,  the  human  mind 
requires  a  guide  acquainted  with  it  ;  hut  a  secret  and 
mysterious  power  held  the  light  imprisoned  ;  and  in 
this  intellectual  dsj-kness,  no  guiding  star  was  seen. 
The  treasure  which  the  early  times  had  acquired  ia 
the  form  of  true  knowledge  of  nature  was  not  duly 
appreciated  nor  regarded,  and  thus  lost  its  power  to 
enrich  and  fertilise.  Questions  of  physical  science 
were  decided  according  to  the  rules  of  the  "  Art 
Ditpviandi." 

In  renouncing  the  aid  of  experiment  and  obaer- 
ration,  which  alone  create  science,  man  thus  baDisbed 
true  science.  From  the  want  of  materials  for  the 
exercise  of  thought,  men  lost  the  habit  and  dexterity 
given  by  practice,  of  putting  just  questions  as  to  the 
causes  of  things  or  phenomena,  of  observing  them, 
and  of  discovering  their  connexions  by  experiment. 
Such  a  state  of  matters  enables  us  to  comprehend 
the  supremacy  of  astrology,  of  the  Cabala,  of  chiro- 
mancy, and  the  belief  in  lyoanthropy  and  sorcery.  It 
explains  how,  centuries  later,  diseases  coiild  be 
regarded  as  direct  judgments  of  heaven,  or  as  works 
of  the  devil ;  and  how  prayers,  -amuletB,  holy  water, 
and  relies,  were  considered  the  most  efficientnainedies. 
The  story  of  the  golden  tooth,  at  the  end^  the 
sixteenth  ceutuiy,  proves  how  entirely  men,  Viea  in 
the  more  cultivated  classes  of  society,  had  loelt'  Ae 
power  of  Bucoessfully  investigating  the  simplest  phe- 
nomenon.    (See  Appendix.) 
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When  ColumbDB  had  to  defend  his  views  concerniiig 
the  shape  of  the  earth,  and  the  posBibiiitj  of  circum- 
navigatisg  it,  m  Salamanca,  the  first  seat  of  learaing 
of  the  age,  before  ao  aBsembly  oonusting  of  the  most 
learned  professors  of  astronom;,  geography,  and 
mathematics  of  the  Spanish  Kingdom,  along  with 
the  wisest  and  most  respected  dignitaries  of  the 
church,  he  appeared  to  the  majority  as  a  dreamer 
worthy  of  ridicule,  or  as  an  adrenturer  deserring  of 
contempt. 

And  jet  never  had  a  learned  ^spntadon  a  greater 
influence  on  the  development  of  human  intellect  than 
that  one  in  the  collegiate  chnrch  of  St.  Stephen,  at 
Salamanca.  It  was  the  dawn  of  a  new  day, — the 
forerunner  of  the  great  victory  of  truth  over  the  blind 
faith  of  the  age.  In  these  remarkable  discussions 
mathematical  demonstration  a  lost  their  validity,  when 
they  Itemed  to  contradict  passages  of  Holy  Scripture, 
or  the  iitterpretationt  of  thote  jpatioget  hy  thefathert 
of  the  ehureh.  "  How  could  the  earth  he  spherioal, 
when  it  is  said  in  the  Psalma,  that  the  heavens  were 
stretched  out  as  a  garment!  "  "How  was  it  pes- 
sihle  to  regard  the  earth  as  otherwise  than  flat, 
when  the  sacred  writer  compares  the  heavens  to 
a  tabernacle  or  tent,  spread  out  over  the  earth  ? " 
"Had  not  Lactantius  thna  pronounced  against  the 
existence  of  antipodes — *  la  there  any  one  so  mad 
W  to  believe  that  there  are  men  whose  feet  stand 
opposite  to  ours,  and  who  are  able  to  walk  with  their 
l^s  upwards  and  their  heads  hanging  down :  that  there 
ia  a  part  of  the  world  where  all  things  are  topay- 
torvy — There  the  trees  grow  with  their  branches  down- 
ward, and  where  hail,  snow,  and  rain  fall  upwards? '  " 
"Did  not  St.  Auguadne  say,  that  the  doctrine  of 
the  antipodes  was  altogether  irreconcileabte  with  the 
hiatoriccu  foundation  of  .the  Chriatian  faith  ?  for  that 
whoever  said  that  there  'V«re  inhabited  oountries  on 
tiie  opposite  side  of  the  earth,   asserted. that  there 
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existed  in  tbose  coimtriee  men  wbo  were  not  derived 
from  Adam  ;  since  it  weib  imposiible  for  bis  progeny 
to  pass  tlie  intervening  ocean.  Such  an  opinion 
iniist  destroy  our  belief  in  the  Bible,  wliicli  eipreesly 
declares  that  all  men  epring  from  onepairof  parenta." 
"What  presumption  was  it  in  a  common  man  to 
belioTO  that  so  great  a  discovery  was  reserved  for 
him,  after  so  many  profound  pbilosophers  and  geo- 
graphers had  made  the  shape  of  the  earth  the  object 
of  their  researches,  and  bo  many  good  seamen  bad 
sailed  over  its  surface  for  two  thousand  years  ?  " — Thus 
spoke  the  opponents  of  the  great  man. 

Two  years  later,  Columbus  returned  from  the 
West  Indies  I  The  earth  was  small  and  spherical, 
and  there  were  inhabited  countries  at  the  other 
side  of  it  t 

But  not  only  the  earth,  the  heavens  also  contra- 
dicted the  doctrines  of  the  great  luminaries  of  the 
golden  ^e  of  churchly  wisdom.  For,  in  consequence 
of  the  discoveries  of  Copernicus,  the  earth  had  ceased 
to  be  the  centre  of  the  universe.  It  was  not  only 
small,  narrow  and  spherical— it  was  a  mere  point  in 
endless   space — a  small  ^net  revolving  ronnd  the 

As  an  indescribable  feeling  of  terrw  atta<^9  him 
who  is  surprised  by  an  earthquake,  when  he  feels  that 
undulating  like  a  rolling  sea,  which  custom  and 
reflection  have  taught  him  to  regard  as  the  most  fixed 
and  immoveable ;  so  did  fear  and  doubt  convulse  the 
civilised  world  in  consequence  of  the  discoveries  of 
science.  The  earth  was  no  longer  the  centre  .of  the 
system  of  the  universe  ;  the  vault  of  heaven  hgtd  lost 
its  columns — the  throne  of  God  its  place.  There  waa 
no  longer  anything  above  nor  anything  below,  .  That 
which  faith  regarded  as  firmly  rooted  was  shattered  ; 
what  had  been  held  as  truth  now  appeared  to  be 
error.  Vnmerous  prophecies,  in  the  first  half  of  the 
sixteenth  centuiy,  connected  the  discovery  of  the  new 
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with  the  destruction  of  ihe  old  world.  They  testify 
to  the  intense  excitement  of  that  age. 

A^r  Columbus  had  deprived  the  ocean  of  its 
terrors,  aod  Copernicus  had  taught,  "  that  confidence 
in  the  power  of  knowledge,  which  burets  the  bands  of 
external  authority,  and  only  yields  belief  to  the 
evidence  of  reason,"*  the  courage  necessary  for  the 
investigation  of  unknown  regions  of  intellect  awoke 
olao  in  other  minds. 

The  agent  was  already  in  existence  which  was  to 
propagate  the  mighty  shock  through  ail  the  regions 
of  seieuce.  As  the  blood  which  is  the  condition  of 
ftll  bodily  action  receives  its  motion  from  the  impulse 
of  the  heart,  so  did  Quttenbei^'s  invention  of  printing 
send  warmth  and  vigorous  life  to  all  ports  of  the  intel- 
lectual organism  now  assuming  its  new  fonn.t 

In  consequence  of  the  foundation  of  numerous  uni- 
versities  (as  of  Oxford  in  1300,  Prague  in  1347, 
Vienna  in  1384,  Heidelberg  in  1385,  Cologne  in 
1388,  Erfurt  in  1392,  Cracow  in  1401,  Wfirzburg  in 
1406,  Leipsic  in  1409,)  and  of  the  diffusion  of  Greek 
learning  in  the  west  of  Europe,  after  the  conquest  of 
Constantinople  by  the  Turks,  iu  1453,  the  attention 
of  men's  minds  was  tamed,  in  the  fourteenth  and 
fifteenth  centuries,  to  the  intellectual  treasures  be- 
qneatbed  by  the  dd  Greeks  and  Romans.  Classical 
antiquity,  like  the  sun,  diffiised  a  life-awakening  light. 
When  the  learned  began  to  learn  from  these  nnap- 
pvacbable  models,  and  to  form  themselves  upon 
them,  their  mental  vision  was  sharpened.  The  study 
of  the  classics,  leading  to  a  criticid  testing  of  all  tr&- 
diticoary  learning,  broke  the  chains  of  the  wisdom  of 
the  schools.  Hen  recog^sed  in  nature  the  iDeihanstible 

*  Caniin,  in  hii  diMhtgairiied  work,  "  The  PhOosophkil  Con- 
HdeiBtioa  of  &a  period  of  the  ReformaUoii,  in  its  relitiona  to  Uie 
praent,"  p.  125;  pnbliahed  in  GemiBn  by  Cotta,  Tiibingen,  1841. 

+  In  the  lame  jear  in  «bicb  Columbni  wu  bom,  Guttenberg 
imealod  piintiDg  hj  moTeable  type*. 
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fonntuQ  of  a  purer  boowledge  ;  and  nature  appeared 
as  a  newtj-diacovered  Atlantis,  formerly  submerged, 
intetlectually,  in  a  sea  of  ignorance. 

The  mightiest  champion  aroie  for  the  purity  of 
religioiu  belief.  Luther,  in  his  Table-talk,  most  aptly 
describes  the  love  of  nature  and  its  study,  which  arose 
with  the  ReformatioD.*  "  We  are  now  in  the 
morning  dawn  of  the  fiiture  life,  for  we  again  be^n  to 
acquire  a  knowledge  of  God'a  creatures  which  we  lost 
throngb  Adam's  fall.  Now,  we  look  at  the  creature 
earnestly,  more  than  as  it  were  in  the  light  of  the 
Papacy.  But  Erasmus  asks  not  after  this,  uid  cares 
litde  how  the  fruit  is  formed,  shaped,  and  made  in  ^e 
mother's  womb.  But  we,  by  God's  grace,  b^n  to 
perceive  His  wonders  and  His  works,  even  in  the 
little  flowers,  when  we  think  how  all-powerfid  and 
good  Ood  is.  We  do  see  la  his  creatures  the  power  of 
his  word — how  mighty  that  is." 

Nature  put  forth  unusual  powers  to  secnre  victory 
to  reason  in  the  contest  then  beginning  between  the 
intellect  of  European  natious,  awakened  to  conscious- 
ness of  itself,  against  ecclesiastical  and  civil  tyranny 
— against  a  mighty  auporatition  which  appeared 
impregnable.  A  number  of  the  greatest  men  fol- 
lowed in  uninterrupted  successioD,  tiH  the  great  work 
was  done  and  its  results  secured.  A  hundred  years 
aft«r  Copernicus,  Kepler  was  bom,  and  Newton  saw 
the  light  in  the  same  year  in  which  Galileo  died. 

The  church  of  the  middle  ages  had  set  up,  in  its 
theological  philosophy,  a  universal  science,  and  had 
fortified  it  with  the  whole  anthority  of  a  reli^ous 
belief.  An  error  in  science  was  a  vice  ;  to  deviate 
from  the  established  doctrine  was  heresy  ;  it  was 
synonymous  with  a  rejection  of  the  Beveklson  from 
Heaven.  Tortures  and  the  stake  awaited  the  man 
who  thought  &eely,  or  otherwise  than  the  church. 

*  Caniin,  p.  116. 
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An  ignorant  and  jealous  priestliood  saw  in  tbe  dif- 
fusion of  the  sciences  the  most  dangerous  means  by 
which  their  power  might  be  uDdennined  ;  for  wi& 
the  study  of  natural  laws,  natural  jdienomena  lost  the 
supernatural  character  by  means  of  which  the  minds 
ef  men  were  governed.  A  century  after  Lnther, 
Galileo,  at  the  oommand  ot  the  church,  was  compelled, 
in  the  dungeons  of  the  Inquisition,  to  recant  his 
doctrine  of  the  earth's  motion  ;  and  the  words  he 
murmured,  "  E  pur  ti  muove,"  when  he  rose  from 
his  knees,  clad  in  a  bare  shirt,  to  this  day  retain  the 
idea  of  the  irresistible  force  of  established  facts.  No 
one  can  even  now  read  his  celebrated  letter  to 
Madama  Christina,  Granduchesea  Mad  re,  without 
emotion,  and  yet  it  did  not  convince  his  opponents. 
(See  Appendix.)  But  all  these  obstacles  had,  in  the 
long  run,  as  little  success  iu  arresting  the  expansion 
and  progress  of  science  as  at  a  later  period  attended  a 
thirty  years'  war  in  the  attempt  to  control  reli^oos 
opinion.  Error  is  transient ;  truth  alone  is  eternal. 
Error  is  only  the  shadow  cast  by  truth,  when  its  rays 
are  arrested  on  their  path  by  human  ignorance  and 
intellectnal  opacity. 

In  that  eTentlul  age  chemistry  also  underwent  a 
transformation.  Beiug  cod  joined  with  medicine, 
chemistry  acquired  a  new  object,  and  entered  on  a 
new  direction. 

Alchemy  had  forged  the  weapons  wherewithal 
chemistry  was  to  conquer,  in  medicine,  a  new  re^on, 
and  put  an  end  to  Uie  thousand  years'  reign  of  the 
Qalenic  system. 

The  great  and  salutary  change  which  medicine 
tmderneut,  its  liberation  from  the  fetters  of  authori' 
tative  belief,  was  the  natural  result  of  the  recognition 
of  the  uuattainableness  and  isBCCuracy  of  all  the 
preriously  received  doctrines  on  the  true  nature  of 
material  objects.  The  new  light  was  a  trophy  gained 
by  the  alchemists ;  and  by  its  aid  the  doctrines  of 
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the  Greek  ptuloBOphen,  concerning  the  cftuaes  of 
natural  phenomena,  acquired  a  new  form. 

In  all  ages  the  reflecting  man  endeaTOurs  to  acconnt 
to  himself  for  the  origin  of  things,  and  to  penetrate 
the  causes  of  their  peculiar! ties.  The  moat  natural 
method  was  unqueationabl;  that  of  the  mathematicianB, 
who,  without  external  aid,  study  and  ascertain  the 
laws  and  properties  of  mathematical  figures.  This 
was  in  truth  the  method  chosen  by  the  Greek  philoso- 
phers in  order  to  obtain  a  knowledge  of  natural 
phenomena.  They  regarded  the  Tarious  and  manifold 
properties  of  bodies  as  things  apart,  or  per  te,  and 
sought,  with  the  tud  of  the  understanding,  to  combine 
their  observations,  and  to  discover  such  properties  as 
are  common  to  all  bodies. 

"The  origin  and  properties  of  all  things,"  aajs 
Aristotle,  "  presuppose  three  fundamental  causes. 
The  first  is  matt«r  devoid  of  prqierttes  (uXij) ;  the 
second  is  the  cause,  or  causes,  which  give  to  matter 
its  properties,  and  which  may  he  collected  in  the 
conception  of  bodily  form  (tidoi) ;  the  third  is  a  cause, 
or  causes,  (forces  in  the  sense  contained  in  the  words, 
force  or  power  of  a  remedy,  nutritive  force  or  power,) 
which  change  bodies  by  depriving  them  of  their 
properties  (orfprjo-w,  robbery).  That  which  precedes 
the  change  of  properties  in  matter  is  the  cause,  or 
efSciont  cause  (to  irciaiv,  that  which  works) ;  and  that 
which  follows  the  efficient  cause  is  the  effect  {tA  rtXof, 
the  end  or  object)." 

This  conception  of  the  properties  of  mat^al  bodies 
as  of  things,  like  colours,  with  which  the  punter 
gives  to  white  canvas  the  properties  of  a  picture, 
or  like  clothes,  which  are  put  on  and  off,  and  thus 
determine  the  aspect  of  the  man,  is  the  foundation 
stone  of  alchemy,  and  of  the  first  acientific  aystem  of 
medicine. 

It  would  be  difficult  for  the  most  acute  intellect, 
withont  oung  other  means  than  simple  perception  by 
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the  Benses,  to  discover  more  thao  four  propertiee 
vhich  belong  to  all  tangible  material  objects. 

To  the  seDses  of  aight,  taste,  and  aiiieil,  material 
bodies  offer  infinite  Tarietiea  ;  there  are  coloured  and 
colonrleas  gubatances  ;  there  are  those  which  pOBiess 
taste  and  smell ;  and  there  are  those  frhich  are 
inodorous  and  tasteless. 

But  all  bodies  are  either  moist  or  dry,  either  warm 
or  cold.  Everything  tangible  possesses  two  of  these 
properties  ;  it  is  either  solid  or  fluid,  and  has  » 
certain  temperature. 

"  These  propertiea,"  says  Aristotle,  "  are  obriously 
opposed  to  each  other  ;  for  cold  can  be  destroyed  by 
beat,  dryness  by  moisture.  .  By  the  conjunction  of 
two  propertiea,  not  opposed  to  each  other,  for  ex- 
ample, of  dryness  and  cold,  we  see  solid  bodies 
produced  ;  while,  by  the  action  of  beat  and  moisture, 
they  become  liquid  or  gaseous.  Hence  the  mutual 
relations  of  these  properties  are  clear  ;  not  only  the 
form,  whether  solid  or  fluid,  and  the  cold  or  warm 
state  of  bodies,  but  also  the  relative  density  and 
lightness,  are  determined  by  these  fundamental  pro- 
perties. Cold  is  (he  cause  of  density,  for  by  its 
action  the  material  particlea  are  brought  into  closer 
contact ;  porosity  or  lightness  is  in  Lke  manner 
caused  by  heat.  But  aJl  the  other  secondaiy  pro- 
perties of  matter  stand  also  in  a  definite  relation  to 
the  four  primary  or  fundamental  properties  ;  for  the 
ealoar,  smell,  taste,  lustre,  hardness,  &c.,  of  bodies 
suffer  changes  by  the  addition  or  subtraction  of 
moisture,  heat,  dryness,  or  cold." 

"  It  ia  plaiu,"  continues  Aristotle,  "that  all  those 
properties  of  tangible  bodies  which  are  perceived  by 
the  seusea  are  dependent  on  these  four  primary  pro- 
perties ;  for  with  a  change  in  the  latter  all  the  others 
undergo  &  change  likewise.  It  is  evident  that  tlie 
■eeoncuuy  properties  are  determined  by  the  primary  ; 
and  tliat  there  are  four  elementar]/  properties  of 
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matter."  The  jnetice  of  these  abstractions,  as  far 
as  tbey  emhraoe  those  properties  of  matter  which  can 
be  ascertained  by  simple  perception,  cannot  be  dis- 
puted. The  difference  between  our  present  viewB 
and  those  of  the  ancients  cODsiels  in  this,  that  we 
reg;ard  the  solid,  liquid,  and  gaseous  states  as  well  as 
the  temperature  of  matter,  as  being  determined  bj 
two,  instead  of  four,  opposite  causes.  At  this  hour 
we  believe  that  all  the  external  physical  properties  of 
bodies  are  dependent  on  the  force  of  cohesion  and  the 
force  of  heat,  according  to  fixed  relations  between 
these  opposing  causes. 

"  Among  four  things,"  says  Aristotle,  "  there  may 
be  six  combinations,  two  and  two  (pairings)  ;  but  the 
pairing  of  two  directly  opposed  properties,  such  as 
cold  and  heat,  dryness  and  moisture,  causes  both  to 
disappear.  Thej  destroy  or  neutralise  each  other, 
and  can  no  longer  be  recognised  by  the  senses. 
Consequently  only  four  combinations  are  left,  which 
correspond  to  the  four  bodies  of  which  the  earth 
conaistB.  The  earth  proper,  as  the  representatiTe  of 
solidity,  is  dry  and  cold ;  water  (which  represents 
liquidity)  is  moiat  and  cold  ;  air  (representing  the 
gaseous  state)  is  moist  and  hot ;  fire  hot  and  dry. 
From  this  pairing  of  properties  arise  the  four  material 
elements  ;  from  these  four  elements  are  formed  all 
other  bodies.  They  are  contuned  in  all  ;  and  the 
varieties  and  differences  in  the  properties  of  other 
bodies  depend  entirely  on  the  proportion  in  which 
the  four  elements  are  combined.  Whatever  element 
predominates  gives  its  character  to  the  body." 

As  may  be  seen  irom  the  following  diagram,  the 
elemental?  bodies,  taken  two  and  two,  have  a  primary 
or  fundamental  property  common  to  both  members  of 
each  contiguous  pair. 

It  is  hence  evident  that  when,  by  means  of  old, 
the  elementary  property  of  heat  is  withdrawn  firam 
the  air  (gaseous  body),  the  air  is  changed  into  water 
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(liquid  bod;) ;  and,  in  like  numaer,  by  the  aid  of 


-il 


heat,  water  may  be  cbanged  into  air,  aod  hj  the  aid 
of  drjnesB,  water  converted  into  earth. 

Firs,  according  to  AriBtotle,  embraces  tbe  concep- 
tion of  brightness  and  sensation  ;  water  and  air  that 
of  transparency  ;  earth  that  of  darkaess.  Colours 
arise  {nia  the  mixture  of  fire  and  earth.  The  trans- 
parency of  rock  crystal  proceeds  from  water.  (The 
transparency  of  the  diamond  is  still  called,  from  this 
view  of  Aristotle,  its  water.)  But  the  cbief  con- 
stituent of  the  eye  also  is  water,  as  air  is  the  founda- 
tion of  tbe  sense  of  hearing  ;  Mr  and  water  of  that  of 
smell ;  while  earth  is  the  condition  of  the  sense  of 
tench.  Taste  is  produced  by  moisture ;  the  more 
closely  the  particles  causing  taste  adhere  to  the 
tongue  tbe  bitterer ;  tbe  more  easily  they  are  sepa- 
rated from  it,  tbe  Salter  a  body  appears.  But  when 
these  are  heated,  and  in  turn  heat  the  particles  of  the 
mouth,  there  is  produced  the  acrid  taste  ;  and  the  sour 
taste  is  observed  when  tbe  particles  of  the  body  are  in 
fermentation  and  effeirescenoe. 

We  percMve  that,  in  all  these  cases,  tbe  physical 
peculiuity  of  those  things  which  affect  the  sense, 
being  ascertained  with  judgment  and  accuracy,  is 
regarded  by  Aristotle  as  the  determining  cause. 
That  which  he  observed  in  the  effect  was,  according 
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to  him,  the  cause  of  that  effect,  utd  the  explanation 
of  natural  pbenomeaa  was  nothing  more  than  the 
deBoription  of  their  peculiaritiea. 

ThoBo  doctrines  of  the  Greek  philoaophers  were 
made  by  Galen  the  foundation  of  the  first  theoretical 
e^tem  of  medicine. 

According  to  Galen,  all  the  parts  of  the  organiBed 
body  are  produced  by  the  mixture,  in  different  pro- 

Eortions,  of  the  four  elementary  quahties  of  matter, 
a  the  blood  they  are  equiillj  mixed  ;  in  mucus, 
water ;  in  the  yellow  bile,  fire  ;  and  in  black  bile, 
earth,  predominates.  The  four  temperaments  depend 
on  the  preponderance  of  these  four  cardinal  juices. 

Health  is  a  state  of  equilibrium  determined  by  the 
just  conformation  of  similar  parts,  that  is,  of  organs, 
and  by  the  just  mixture  of  the  elements.  In  disease 
these  relations  are  disturbed  ;  disease  is  a  state  of 
conformatJon  or  mixture  opposed  to  the  natural  state. 

In  consequence  of.  the  misproportion  of  the  ele- 
mentary qualities,  the  juices  are  found  to  he  too  hot, 
too  cold,  too  moist,  or  too  dry.  When  their  motions 
are  arrested,  and  transpiration  is  impeded,  there 
occurs  a  corruption  of  the  juices,  and  the  various 
forms  of  fever  are  produced.  The  unnatural  heat  of 
fever  is  a  resolt  of  this  putrefaction.  By  the  putre- 
faction of  the  mucous  or  slimy  fluids,  of  yellow  or 
of  black  bile,  quotidian,  tertian,  quartan,  and  other 
fevers  are  excited. 

According  to  Galen,  the  efficacj  of  remedies 
depends  on  the  fundamental  qualities  inherent  in 
each  ;  they  are  hot  or  cold,  moist  or  dry.  A  remedy, 
according  to  the  amount  of  the  fundamental  quality 
of  beat,  may  produce  a  hardly  perceptible  or  a  die- 
tinot  warmth ;  it  may  excite  heat  more  or  less  intense  ; 
and  each  quality  has  four  similar  degrees  in  its  action. 
Substances  of  a  burning  taste  belong  to  the  hot, 
those  of  a  cooling  taste  to  the  cold  remedies. 

The  remoTal  of  disease  on  the  restoration  of  health 
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depends,  according  to  Qalen,  on  the  supply  of  the 
deficieot  quality  by  communication,  or  in  a  removal 
of  that  which  ia  in  eicesB,  by  meaoa  of  a  remedy 
which  tends  to  abstract  it. 

In  this  consistent  system,  disease  and  the  action 
of  remedies  were  reduced  to  a  very  limited  number 
of  canses.  Diseases,  like  remetHes,  admitted  of 
clasaification  on  a  certain  nnmber  of  dirisioos  ;  and 
when  he  had  ascertained  the  place  in  the  arrange- 
ment to  which  a  disease  was  to  be  referred,  the 
physician  found,  in  the  corresponding  dirision,  the 
appropriate  means  of  restoring  health.  He  knew 
the  origin  of  the  disease  ;  and  he  knew  why  the 
remedy  cured  it. 

In  place  of  the  empirical  art  and  the  method  of 
experience,  which  had  led  Hippocrates  of  Cos  to  his 
innumerable  observations  and  his  admirable  system  of 
dietetics,  there  now  appeared  the  theory,  which  com- 
btned,  arranged,  and  expluned  these  observations. 
The  treatment  of  diseases  followed  by  the  great  phy- 
sician of  Cos  could  be  learned  only  by  imitation  ;  the 
new  system  was  infinitely  better  adapted  for  teaching, 
and  the  acquisition  of  medical  knowledge  was  ren- 
dered much  easier. 

The  Greek  philosophers,  as  weU  as  Oalen,  had  no 
conception  of  the  peculiar  properties,  wliioh  are 
brought  to  light  when  different  bodies  are  brought 
into  mutual  contact. 

It  is  easy  to  perceive,  ^at  the  Aindamentat  idea  of 
the  Galenic  system  was  quite  identical  with  that 
which  guided  the  alchemists, — the  idea,  namely,  of 
the  possibility  of  transmuting  the  elementary  bodies 
by  the  addition  or  subtraction  of  elementary  qualities. 
Lustre,  colour,  fixity  in  the  fire,  and  volatility  could 
be  removed  and  supplied,  according  to  the  belief  of 
those  days ;  they  could  also  be  exalted  and  diminished. 
Gold  was  the  most  perfect  metal,  to  which  no  pro- 
perties could   be  added,   because  it  possessed  all. 
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Among  nietats,  it  represented  the  healthy  humaa 
frame.  "Bring  to  me,"  criea  Geber,  "the  six 
lepers  (s'llTer,  mercury,  copper,  iron,  lesd,  and  tin), 
that  I  may  heal  tbem."  Brass  was  diseased  gold, 
quicksilrer  was  diseased  ulver  ;  they  could  be  trans- 
mnted  into  gold,  that  is,  healed  hy  the  medicine  of 
the  third  or  highest  order. 

The  origin  of  gold  was  regarded  aa  analogous  to 
the  generation  of  animals,  or  to  the  origin  and  growth 
of  plants.  Raymond  Lullj  compares  the  production 
of  the  philosopher's  stone  with  digestion,  with  the 
origin  of  the  blood,  and    the   secretion   of  organic 

In  the  course  of  their  lahours,  the  alchemists  had 
noticed  certain  peculiarities  !□  the  properties  of 
bodies,  which  had  remained  uuhnown  to  the  Qreek 
philosophers,  or  disregarded  by  them  ;  and  by  degrees 
three  new  elements,  the  existence  of  which  was 
-doubted  by  no  one,  were  added  to  the  four  elementB 
of  Aristotle.  To  the  four  fimdamental  causes  of  the 
physical  properties  of  matter,  were  now  added  three 
fundamental  causes  of  the  most  general  chemical 
properties  ;  namely,  mercury,  sulphur,  and  salt. 

In  the  spirit  of  the  earlier  philosophy,  which 
ascribed  all  causes  of  action  not  perceptible  by  the 
senses  to  invisible  spirits,  and  aU  sensible  properties 
to  tangible  and  material  causes,  common  sulphur  and 
quicksilver  were  regarded  at  first  as  actual  constitu- 
ents of  the  metals  ;  certain  properties  were  believed 
to  be  dependent  on  their  presence,  exactly  as,  at  a 
more  recent  period,  the  causticity  of  lime  and  the 
alkalies  was  ascribed  to  the  cautticwn  or  caustic 
principle,  the  peculiar  smell  of  certain  bodies  to  the 
Spiritut  rector,  and  the  acidity  of  the  acids  to  » 
primitive  or  original  acid. 

The  nature  of  the  language  of  ordinary  life,  which 
aroids  all  abstract  ideas,  explains  why  men,  in  the 
infancy  of  research,  aacrihed  a  certain  character  or 
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certain  properties  of  bodies  to  material  cauaes.  Even 
Lavoisier  could  aot  shake  oS  the  idea  of  a  primitire 
acid.  He  regarded  oxygen  as  the  generator  of  this 
primitive  acid  ;  and  long  after  his  time,  many  Btill 
Bee  in  hydrogen  the  cauee  which  determineB  acidity. 

In  the  ideas  of  the  alchemista,  actual  Bulphur  and 
mercury  were  gradually  supplanted  by  an  ideal 
aulphur  and  an  ideal  mercury  ;  things,  which  com- 
Itned  in  themselves  a  certain  Dumber  of  properties. 
These  ideal  bodies,  at  a  later  period,  took,  tiieform  of 
elementary  qualities. 

Hany  bodies  possesaed  the  property  of  being 
volatile  without  alteration  in  their  ot^er  properties, 
when  exposed  to  fire.  They  were  sublimable,  like 
artenie,  or  capable  of  being  distilled,  like  mercury. 
Another  class  of  bodies  was  aUo  Tolatile,  but  under- 
went a  change  in  the  fire,  Buch  M  tutphur.  A  third 
class,  although  changed  in  the  fire,  was  not  volatile, 
but  fixed,  like  the  galtg  found  in  ashes.  Sulphur, 
mercury  (arsenic),  and  salt  became  at  last,  as  has 
been  stated,  abstract  conceptions,  simple  elements,  in 
the  sense  of  the  four  elements  of  Aristotle.  Aa  we 
speak  of  the  form  and  shape  of  a  thought,  without 
understanding  by  these  figurative  terms  a  bodily 
shape,  BO  did  men  in  thoBe  days  express  abstract 
notions  by  terms  indicating  bodily  or  mifterial  things, 
without  understanding  thereby  anything  more  than 
properties.  The  names  given  to  these  ideal  things 
became  collective  names  for  certain  properties,  and 
we  often  use  similar  terms  at  the  present  day,  with 
this  difference,  that,  to  designate  their  immateri^ 
nature,  we  add  the  word  'force,'  as  in  the  term 
"  catalytic  force. " 

Basil  Valentine  says  of  spirit  of  wine  :  '*  When  a 
rectified  aqua  vitte  is  kindled,  its  Mercury  and  sul- 
phur separate,  the  Bulphur  bums  quite  vividly,  for  it 
is  pure  fire,  and  the  delicate  mercury  flies  into  the 
air,  and  returns  to  its  original  chaos." 

r2 
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Spirits  of  wine  waa  regarded  as  "  sulphureous 
Tegetable  mercury,"  nhich  odIj  meant  that  it  pOB- 
sessed  inflammability  and  Tolatility. 

When,  in  the  simple  notions  of  inflammability  (sul- 
phur), fiiity  (salt),  and  Tolatility  (mercury),  men 
eame  to  include  the  special  qualities  of  inflammable, 
fixed,  and  volatile  bodies,  according  as  these  were 
obserred  (oily,  fat,  earthy  mercury  ;  oily,  fat,  earthy, 
easily  or  difficultly  inflammable  sulphur ;  earthy, 
fusible,  ritreous  salt ;  inflammable,  fat,  oily,  mercurial 
earth,  kc);  then  the  significance  of  the  original 
notion  was  lost.  Becoming  too  wide  and  extended, 
it  no  longer  included  observed  facts ;  and  when 
Boyle  searched  after  the  sulphur,  mercury,  and  salt 
of  the  alchemists,  these  elements  no  longer  existed. 
The  idea  was  worn  ont.  At  a  much  later  period,  the 
notion  of  a  suffocating  property,  was  designated  by 
tulphureoiu,  the  combustion  of  a  fixed  body  by  cal- 
cmaHon  ;  that  is,  these  things  possessed  one  property 
in  common  with  burainDf  sulphur  or  with  limestone 

(0»k). 

Hence  it  is  no  longer  possible  to  give  a  definition 
of  the  terms  "  acid  "  and  "  salt,"  which  shall  include 
&11  those  bodies  which  are  called  acids  or  salts.  We 
have  acids  which  are  tasteless,  and  which  do  not 
redden  vegetable  bines,  nor  neutralise  the  alkalies ; 
there  are  acids  of  which  oxygen  is  an  ingredient,  and 
hydrogen  is  absent,  others  which  contain  hydrogen 
and  no  oxygen.  The  notion  of  a  salt  at  last  became 
80  perverted,  that  chemists  have  gone  so  far  as  to 
exclude  irom  the  class  of  true  salts,  by  their  definition, 
common  sea  salt,  the  salt  of  all  salts,  to  which  all 
others  owe  their  very  name. 

We  can  readily  see,  how  easily  a  simple,  defined 
notion  becomes  undefined,  by  the  addition  of  other 
notions.  In  the  place  of  the  wom-«ut  idea,  we  obtain, 
when  we  begin  to  distinguish,  a  number  of  new  and 
more  defined  and  separate  ideas.     It  is  even  possible 
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that  the  onpDBl  idea,  all  but  its  oame,  may  be  lost ; 
and  the  time  may  come,  when  we  ehall  no  longer  find 
an  acid  or  a  salt,  just  ai  we  could  not  find  the  Bulphur 
and  mercury  of  the  alcbemiata,  when  these  ideas  were 
no  longer  neceaaary  to  science.  Fonnerly,  their 
eiistence  appeared  obvious  to  every  man  ;  and  they 
were  only  sought  for  when  mankind  had  no  fiirther 
oocaaion  for  them. 

The  chemical  elements  of  the  early  philosophers 
eonld  not,  it  ia  obvious,  be  obtained  in  a  separate 
form,  because  they  were  merely  terms,  denoting 
qualities  alone.  Ko  one  thought  of  obtaining  them  ; 
thej  were  regarded  as  constituents  of  all  bodies. 

No  distinction  was  made  between  organic  and 
inorganic  or  mineral  anbatancee  ;  their  difierences 
were  ascribed  to  the  different  proportions  of  the 
elements.  Vinegar  was  classified  with  the  mineral 
acids.  Spirits  of  wine  was  ranked  beside  chloride 
of  tin  (spirit  of  Libavius)  ;  and  chloride  of  anti- 
mony (butter  of  antimony)  next  to  the  butter  of  the 

In  the  time  of  Geber,  the  cbenucal  proceas  was 
otmsidered  analOgons  to  the  organic  process  ;  in  the 
tlurteenth  century  the  idea  arose  that  the  vital  pro- 
cess might  bo  analogous  to  the  chemical.  In  the 
eariiest  period  it  was  beUeved  that  metala  wera 
developed  from  a  seed  or  germ  ;  at  a  later  period  the 
opinion  prevailed,  tliat  the  chemical  process  generated 
the  seed.  The  ancients  held  the  processes  of  fer- 
mentation and  putrefaction  to  be  the  cause  of  the 
generation  of  plants  and  animals  ;  while,  on  the  con- 
trary, some  physioli^sts  and  pathologiata  of  the 
present  day  regard  the  development  and  generation 
ti  animals  and  plants  as  the  cause  of  fermentation 
and  putre&ction. 

The  tiews  and  conoeptiona  enfertuned  of  Nature 
nn  only  be  rendered  comprehensible  to  the  mind  by 
means  of  images  or  notlone,  derived  from  natoru 
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science,  and  clothed  in  the  language  of  Nature.  Now 
if  we  reflect  that  during  the  thirteenth,  fourteenth,  and 
fifteenth  centuries,  all  knowledge  of  Nature  and  of 
her  powers  waa  concentrated  in  alchemy,  magic,  and 
astrology,  it  is  easy  to  see  how,  by  degrees,  alche- 
mistical  forms  of  expression  for  terrestrial  processes 
passed  into  the  langaage  of  ordinary  life.  The 
phenomena  of  organic  life,  life  itself,  death,  aud 
resurrection,  were  rendered  more  intelligihle  by 
means  of  the  ideas  deiired  from  alchemy  ;  tfaey  could 
only  be  represented  scientifically  by  the  language  of 
ecience,  and  alchemy  was  science  at  that  period. 

"  We  poor  mortals,"  says  Basil  Valentine,  "  are, 
for  oar  sins  here,  by  means  of  that  death  which  we 
have  well  deserved,  pickled  in  the  earthly,  that  is,  the 
kingdom  of  earth,  till,  in  process  of  time,  we  become 
putrid  and  rot,  and  then  are  once  more  awakened, 
clarified,  and  sublimed,  by  virtue  of  tbe  heavenly 
fire  and  heat,  even  to  the  celestial  sublimation  and 
elevation  ;  for  all  our  dross,  sins,  and  impurities  are 
sundered  from  us."  (Kopp.  li.  236.)  Luther,  in.  his 
Canoniea,  praises  alchemy,  "  by  reason  of  the  glr^ 
nous  and  fair  resemblances  which  it  has  to  the  raising 
of  the  dead  ;  for  even  as  fire  from  each  kind  of  thing 
doth  extract  that  which  is  beet,  and  doth  sunder  it 
from  the  bad,  and  thus  doth  carry  the  spirit  itself 
upwards,  so  that  it  shall  have  the  upper  place,  whereas 
matter,  like  unto  a  dead  body,  doth  remain  below 
lying  on  the  earth,  so  also  will  God,  at  the  last  day, 
by  his  judgment,  as  with  fire,  sunder  the  godless  and 
unrighteous  from  the  righteous  and  g«>dly.  The 
righteous  will  ascend  to  heaven,  but  the  unrighteons 
will  abide  below  in  hell."  (Eopp.  ii.  238.) 

In  the  thirteenth  century  arose  for  the  first  time 
the  idea  that  tbe  philosopher's  stone  possessed  the 
powers  of  healing  disease  and  of  restoring  youth. 
This  idea  was  developed  from  the  opinion  that  tbe 
Tital  process  was  notbing  else  than  a  chemical  ^ny 
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cess.  With  the  philoiiopher's  stone  it  waa  possible 
to  heal  metals  of  their  maladies,  to  render  them 
healthy,  to  convert  them  into  gold  ;  and  the  idea  that 
it  must  hare  a  like  effect  on  the  human  bod  j  naturallj 
BOggeBted  itself.  Arnold  of  VillanoTB,  Raymond 
LnUy,  and  Isaac  QoUandua,  ontdo  each  other  in  tbeir 
praises  of  its  healing  Tirtues.  Hollandns,  in  his  Opui 
Satumi,  says :  "  A  portion  of  it,  the  size  of  a  grain 
of  wheat,  should  be  laid  in  wine,  and  then  given  to 
the  patient.  The  action  of  the  wine  will  penetrate 
to  the  heart,  and  spread  itself  through  all  the  juices. 
The  patient  will  sweat,  and  thereby  become,  not 
more  weary,  bnt  ever  stronger  and  more  cheerful. 
This  dose  dionld  be  repeated  every  ninth  day,  when 
the  patient  shall  think  he  is  no  longer  a  man,  bat 
s  ^irit.  He  shall  feel  as  if  he  were  nine  days 
in  Paradise,  and  living  ob  its  fruits."  Solomon 
Trismosin  maintuns  that  when  an  old  man  be  renewed 
his  youth  by  means  of  a  grain  of  the  philosopher's 
stone.  His  yellow  wrinkled  skin  became  smooth  and 
white  ;  his  cheeks  rosy ;  his  grey  hair  black  ;  hia 
back,  bowed  with  age,  became  erect.  He  restored, 
AS  he  asserts,  perfect  youthfolness  to  ladies  ninety 
years  of  age ! 

When  the  idea  tiiat  the  philosopher's  stone  was  a 
universal  medicine  had  been  once  developed,  men 
were  led,  in  the  most  natural  way,  to  the  use  of 
chemical  preparations  in  medicine;  and  with  this 
h^ian  a  new  era  in  that  science. 

If,  indeed,  the  stone  poaseseed  in  an  equal  degree 
the  properties  of  ennobling  the  baser  metals,  aud  of 
healing  disease,  then  the  diseased  human  body  was 
a  far  more  conTenient  means  of  recognising  the 
materia  prima,  and  of  testing  its  gradual  refinement 
in  the  course  of  tlie  processes  by  which  it  was  elabo^ 
rated  into  the  perfect  Magisterium.  For  the  number 
of  diseases  which  the  preparation,  at  a  given  stage  of 
its  elaboration,  could  heal,  was  an  infallible  test  of 
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ite  progress  towards  perfection.  The  more  diseases 
it  cared,  the  nearer  must  it  be,  in  ita  properties,  to 
the  philosopher's  stone.  The  true  and  perfect  stone 
most  heal  all  diseases. 

The  Fhannacopceia  of  the  Qslenical  school  eon- 
tuned  no  chemical  preparations,  and  consisted  eicln* 
aively  of  organic  substances :  musk,  rhubarb,  oasto- 
reum,  camphor,  tamarinds,  ginger,  zedoarj  root,  and 
the  like,  were  the  chief  remedies.  Pharmacy  thm 
eonsisted  in  the  art  of  bringing  these  matters  into  the 
forms  of  syrups  and  electoaries ;  herbs,  barks,  and 
roots,  were  adminisl«red  in  the  form  of  decoctions  or 
of  powders. 

On  the  authority  of  Galen,  all  metallic  preparations 
were,  up  to  that  time,  banished  from  the  Pharma- 
eopraia.  He  reguded  mercurial  preparations  simply 
as  poisons.  Avicenna,  it  is  true,  had  asoribed  to 
gold  and  silver  powers  of  purifying  the  blood  ;  but 
these  metals,  as  a  general  rule,  were  used  only  in  the 
form  of  leaf,  to  cover  pills  ;  and  so  late  as  at  the  end 
(f  the  fifteenth  centuiy,  the  external  use  of  mercurial 
ointments,  prepared  with  fat,  encountered  the  fiercest 
opposition. 

When  we  consider  that  the  views  of  Galen,  in 
regard  to  the  cause  of  disease  and  the  action  of 
r^oedies,  were  regarded,  during  thuHeen  centuries, 
aa  impregnable  trudis,  and  had  acquired  the  entire 
in&llibility  of  the  articles  of  a  religious  creed,  we 
can  understand  what  kind  of  impression  must  have 
been  produced  on  the  physicians  of  the  sixteenth 
century  by  the  discovery  of  the  truly  wonderful  efieots 
of  the  preparations  of  mercniy,  antimony,  and  other 
metals.  A  whole  region  of  new  discoveries  seemed 
to  be  opened  up  by  the  ideas  of  the  alchemists,  and 
by  the  use  of  chemical  preparations  in  medicine. 

There  was  discovered,  in  the  blood,  a  property 
belonging  to  alkalies ;  in  the  gastric  juice,  a  property 
belonging  to  acids.    A  contrast  or  opposition  was 
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aoticed  between  these  fluide,  oorreBpoading  exactly  to 
the  coutraatB  of  the  Galenic  qualitiea, 

When  acids  were  brought  into  contact  with  alk»< 
liea,  new  bodiee  were  formed,  neither  acid  nor  alkaline, 
but  possesaed  of  properties  entirely  changed.  The 
so-called  mild  alkalies  exhibited  the  property  of  effer- 
vescence with  adds,  and  the  true  natare  of  all 
fennentatioDS,  which  were  regarded  as  dependent  on 
effervescence,  appeared  to  he  therehy  explained. 
Heat  was  observed  to  be  developed  in  liquids  by  the 
mixture  of  acids  with  alkalies,  without  the  obserTer'a 
perceiving  proper  combustion  to  take  place.  This 
■^peared  to  account  for  the  heat  developed  in  the 
respiratory  process. 

How  was  it  possible  any  longer  to  allow  any 
validity  to  the  theory  of  Ctalen  concerning  the  vit^ 
phenomena  and  the  action  of  remedies,  after  it  had 
been  proved  that  idl  bis  views  in  regard  to  the  metals 
and  their  preparations  were  entirely  fallacious ;  or 
when  it  had  been  discovered  that  the  peculiarities 
of  the  oi^^ised  body,  and  the  effects  of  remedies, 
depended  on  fondamental  causes,  which  Galen  had 
not  taken  into  acconnt  in  his  explanations,  beoanse 
he  was  not  acquainted  with  them.  Not  only  those 
fimdamental  causes,  which  determine  the  physical 
pr<^ertdeB,  but  also  the  chemical  properties  of  bodies, 
must  now  and  henceforth  sit  in  council  and  be  taken 
into  account,  in  explaining  organic  processes.  The 
vital  phenomena  and  the  action  of  medicines  now,  as 
it  appeared,  depended,  not  alone  on  the  relative 
proportions  of  moisture  and  dryness,  of  heat  and  cold, 
bat,  in  addition  to  these,  on  the  proportions  of  salt, 
mercury,  sulphur,  alkali,  and  acid.  la  consequence 
of  such  new  and  altered  ideas,  the  art  of  healing 
usomed  a  new  form. 

If  the  normal  dtemical  character  of  the  juices  was 
the  contUlion  which  determined  the  healthy  state, 
the  abnonnal  ohaiacter  of  these  juices  was  <^  course 
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the  proximate  caiue  of  disease  ;  and  disease  Could  b& 
remoTed  bj  the  predominating  chemical  quaJitj  of 
remedies,  and  health  thus  restored. 

In  selecting  remedies,  then,  especial  attention  must 
be  paid  to  the  chemical  constitution  and  character  of 
the  bile,  of  the  saliva,  of  the  sweat,  and  of  the  ui' 
&e.  This  was  a  step  fonrard  of  incalculable 
portance.  The  yaluable  discoYery  was  soon  made, 
that  the  chemical  state  of  the  urine  stood  in  i 
definite  relation  of  dependence  to  certain  diseases 
and  as,  in  the  period  of  science  now  under  review 
all  effects  were  taken  for  the  causes,  the  deposits 
formed  in  the  urine,  or  the  tartar,  were  regarded  as 
the  causes  of  many  diseases. 

In  the  spirit  and  mind  of  Paracelsus  the  new  ideas 
of  the  times  were  concentrated,  and  assumed  a 
definite  shape  ;  and  when,  a  few  years  after,  Lnther, 
at  Wittenberg,  bad  burned  the  papal  hulls,  Para- 
celsus, at  Basle,  following  the  example  of  the  great 
reformer,  committed  te  the  flames  the  works  of  Galen 
and  ATicenua,  their  reign  came  to  an  end. 

"Men,"  BO  said  Paracelsus,  "hare  abandoned 
nature,  and  ^ven  themselves  ap  to  vun  dreams  ;" 
therefore  he  pointed  to  the  open  book  of  Nature, 
"  which  God's  finger  hath  written.  No  dim  stndy- 
lamp,  but  the  sun  itself,  shall  supply  us  with  the  true 
light.  The  eyes,  which  have  pleasure  in  looking, 
they  are  the  right  professors.  Nature  is  without 
guile,  righteous  and  entire.  From  hook-craft  and 
from  the  working  of  men's  fancy  do  grow  confusion 
and  sham  fights.  '  "Follow  me  !  " — thus  he  opens 
his  Paragrtamm — "  Follow  me  !     I  follow  you  not,. 

0  Avicenna,  Rhases,  Galen,  Uesur  1     Follow  me  ! 

1  follow  not  you,  0  ye  of  Paris,  ye  of  Montpellier,  ye 
of  Swabia,  ye  of  Misnia,  ye  of  Cologne,  ye  of  Vienna, 
and  ye  who  dwell  on  the  Danube  and  by  the  Rhine, 
ye  isles  of  the  sea,  thou  Italy,  thou  Dalmatia,  thou 
Athens,  thou  Greek,  thou  Arabian,  thou  Israelite  I 
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Follow  me  !  I  follow  not  jou  i  Mine  is  the  mOD' 
»rchy  !  " 

In  ParacelBQS  are  reflected  tH  the  ideas,  all  the 
bolts,  all  the  errors  of  his  time.  In  him  a  gigantic 
force  striveB  against  the  impediment  of  outward 
fetters.  He  has  the  instinct,  bat  not  the  full  con- 
sciousness of  the  right  path.  He  seeks  it  in  vain  ia 
the  wildemeSB  that  surrounds  him  ;  heuce  his  contra- 
dictions and  inconsistencies ;  hence  his  internal 
struggles.  But  his  word  gives  to  the  century  its 
(lirec^on.  "The  true  use  of  chemistry,"  he  says, 
**  is  not  to  make  gold,  hot  to  prepare  malicines." 

By  Paracelsus  chemistry  was  taken  out  of  the 
hands  of  the  gold-makers,  and  brought  into  the 
service  of  the  far  more  learned  and  cultivated  physi- 
cians ;  and  as  he  and  his  followers  prepared  their  own 
medicines,  chemical  knowledge  and  an  acquaintance 
with  chemical  operatioos  were  thenceforth  regarded 
as  among  the  most  essential  qualifications  of  the 
physician. 

In  the  sixteenth  and  seventeenth  centuries,  the 
explanation  of  natnral  phenomena  continued  to  revolve 
round  the  idea  of  the  existence  of  hidden  qualities, 
until  extended  experience  led  to  the  important  truth, 
that  matter  and  its  properties  are  practically  not 
separable.  We  cannot  any  longer  even  conceive  of 
them  as  separate. 

Long  after  Paracelsus,  it  was  believed  that  the 
chemical  operation  was  to  the  medicine  what  the 
stomach  (or  digestion)  is  to  the  food  from  which 
the  blood  is  formed.  By  a  thrice-repeated  sublima- 
tion of  corrosive  sublimate  with  metallic  mercury, 
calomel  was  obtained ;  a  sublimation  nine  times 
repeated  produced  the  Panacea  mercurialis. 

The  spiritualiung  fundamental  csuses  of  Plato, 
which,  acc(»^tng  to  him,  determined  the  vital  actions, 
are  combined  by  the  followers  of  Paracelsus,  into  the 
archeeut,  which  is  placed  ia  the  stomach,  and  being 
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fuinished  with  oU  the  poseions  of  the  man,  governs 
digestion,  the  phenomena  of  motion,  aad  the  moods 
of  the  mind. 

When  ire  represent  distinctly  to  onrBelvea  the  utter 
contempt  with  which  modem  medicine  looks  down  on 
the  views  of  Paracelsoe  and  his  followers,  regarding 
theirriewB,  like  the  ideas  of  the  alchemists  concemiDg 
transmutation  of  metals,  as  a  hallucination,  and  com- 
passionating  them  accordingly,  and  when  we  compare 
with  these  views  the  present  theories  of  the  causes  of 
diseases,  and  of  the  method  of  cure  ;  the  philosopher, 
with  all  his  pride  in  the  achievements  of  the  intellect 
in  the  regions  of  truth,  is  humhied  by  the  diuly 
occurrence  of  contradictions,  which  we  should  hold 
impossible,  if  they  did  not  actually  exist.  For  even 
now  the  system  of  Galen  and  Paracelsus  rules,  as  it 
did  formerly,  over  the  minds  of  most  physicians  ;  and 
many  views  remain  unchanged,  eicept  in  the  forms  of 
expression.  The  arehwin  of  the  sixteeuth  century  was 
transformed,  in  the  eighteenth  and  the  beginning  of 
the  nineteenth  centuries,  into  the  vital  force  of  the 
philosophers  ;  and  it  lives  on  to  the  present  day  in  the 
guise  of  the  all-determining  nervous  force  or  influence. 
No  one  can  deceive  himself  as  to  the  true  position  of 
theoretical  medicine  who  remembers  that  in  our  age, 
in  which  the  true  principles  of  investigation  appear  to 
shed  abroad  their  light,  clear  and  brilliant,  like  the 
sun,  a  doctrine  was  able  to  develope  itself  in  medical 
science,  which  to  our  posterity  will  appear  incredible. 

Who  can  maintain  that  the  majority  of  well-informed 
and  cultivated  men  of  our  time  stand  on  a  higher  level 
in  regard  to  knowledge  of  Nature  and  her  powers  than 
the  iatro-chemists  of  the  sixteenth  century,  when  he 
knows  that  hundreds  of  physicians,  trained  in  our 
oniversities,  regard  as  true,  principles  which  defy  alike 
all  experience  and  sound  common  sense  ;  that  there 
are  men  who  beUeve  that  the  efl^to  of  medicines  are 
dae  to  certiun  forces  or  qualities,  which,  hy  means 
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at  grinding  and  shaking  ean  be  set  in  motion  and 
increased  in  force,  and  thus  communicated  to  inert 
bodies  ;  who  believe  that  a  law  of  nature,  to  which  no 
exception  is  known,  is  false  for  medicinea,  since  ibej 
admit  that  their  efficacy  maj  be  increased  with  their 
dilution  and  with  the  diminution  of  active  matter  ? 
Truly,  one  is  tempted  to  adopt  the  opinion  that,  among 
the  sciences  which  have  for  their  object  a  knowledge 
of  nature  and  of  her  forces,  medicine,  as  an  inductive 
science,  occupies  the  lowest  place.  Just  as  the  farmei 
expects  wonders  from  a  new  plough,  a  new  sowing- 
machine,  a  new  manure,  or  a  new  mode  of  cultivation, 
— although  these  things,  without  just  principlcE 
onlj  waste  his  substance,  and  render  him  poor  s 
than  he  would  hare  been  without  them, — so  the  phj- 
Bician  looks  for  the  progress  of  his  science  in  the 
improvement  of  its  technical  part.  In  a  new  medici: 
a  new  mode  of  treatment,  or  in  the  restoration  of 
imaginary  composition  of  the  blood  or  of  the  nrii 
he  seeks,  not  to  remove  the  stone  which  impedes  the 
progress  of  his  vehicle,  bnt,  like  the  carter,  to  urge 
the  horse  with  his  heavy  load  when  he  can  no  longer 
advance  over  the  obstacle,  by  the  use  of  the  whip. 
And  when  Nature  helps  herself,  he  wishes  us  to  believe 
'Oiat  the  whip  is  a  power  and  has  been  the  means  of 
restoring  health.  Ail  these  things  are  useful,  perhaps 
necessary  ;  but  they  are  not  used  in  order  to  clear 
away  the  difficulty  for  all  who  are  to  follow,  but  serve 
only  to  enable  him  to  skip  over  it  in  the  easiest 
manner  in  the  iudividual  case.  That  which  most 
readily  presents  itself  to  the  imagination  is  nsed  as  a 
bridge  ;  but  if  the  philosopher  gets  safely  across,  he 
allows  it  to  fall  to  nuns  behind  him,  instead  of  giving 
it  a  secure  foundation.  If  he  fails,  the  imperfection 
of  science  is  blamed  for  his  failnre.  The  art  of 
experimenting  makes  tools  or  instruments  ;  but  it  has 
never  happened  that  a  mass  of  observations  has 
become  a  science  by  virtue  of  the  tools  or  instnimcnts. 
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There  are  building  materiaJs  in '  abundance,  bo  as 
almost  to  cover  tbe  ground  on  which  the  edifibe  should 
stand  ;  but  the  master  bnildera  are.qiiar^felling,  and 
their  minds  are  not  made  up  as  to  the  place.  One 
would  have  the  structure  of  wood  ;  >  anofber  thinks  it 
ought  to  be  of  stone  and  wood  ;  a  third,  that  it  should 
consist  oul;  of  stone  and  iron.  Two  of  these  materials 
should  at  all  events  be  employed ;  but  .all  three,  if 
properly  combined,  would  yield  an  excellent' building, 
were  it  not  for  the  labourers,  who  will '  have,  it  made 
of  straw,  and  built  in  the  air. '  It  is  because  of  this 
that  in  the  course  of  two  thousand  yeara^  evea  tbe 
foQodation  has  not  been  finished. 


r 


The  first  point  to  whieh  I  would  dium  your  atten- 
tion in  my  intended  exp^tion  of  the  principles  of 
Chemistry,  is  that  tendencVof  bodies  to  combine 
with  each  other,  usually  tennefl  chemical  AFriwiyr. 

In  order  to  obtain  a  clear  and  vivid  compreliension 
of  the  almost  miraculous  order  and  regularity  in 
which  bodies  enter  into  combination  with  each  other, 
we  must  bear  in  mind  the  meaning  which  tbe  chemist 
attaches  to  the  terms  combination  and  decompotition. 
The  rusUng  of  iron,  the  bleaching  of  coloured  stn& 
when  exposed  to  tbe  tur,  the  extraction  of  metals 
from  their  ores,  the  preparation  of  innumerable  objects 
of  industry  and  commerce,  and  of  medicines, — in 
short,  all  new  forms  or  phenomena  which  present 
themselres  to  our  senses  when  bodies  of  different 
properties  are  brought  into  contact ; — all,  with  a  very 
few  exceptions,  depend  upon  combination  or  deoom- 
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positi-on.  The  ultimate  cauBes  of  these  new  forms 
and  phenomena  are  chemical.  forceB,  and  those  differ 
trom  all  other  forces,  inasmuch  as  we  perceive  their 
existeace  only  bj  their  manifestations'  when,  bodies 
come  into  immediate  contact  witfaeach  other.  As 
long  as  they  remain  at  any  measurable  distances 
theae  forces  hare  no  action  wbatever.  The  doni'aia 
of  Chemistry  is  confined  to  this  clasa  of  phenomena. 
Gravity,  the  electrical  and  magnetic  forces,  and'  heat, 
exercise  an  inflaence  upon  chemical  processes  ;  but 
ae  powers  which  act  at  a  distance,  which  produce 
mo^on,  or  change  of  place,  in  bodies,  In  short,  as 
causes  of  natural  phenomena,  the  determination  of 
their  ntttaiB  and  their  laws,  in  the  narrower  sense, 
belongs  to  phytice. 

Iron  rusts  when  exposed  to  the  air.  Sulphur  and 
mercury  combine,  forming  cinnabar.  It  is  the 
CHEiucAL  FORCE  which  is  active  between  a  constj- 
tnent  of  the  atmosphere  (oxygen)  and  the  particles  of 
the  iron, — between  the  particles  of  the  sulphur,  and 
the  particles  of  the  mercury, — and  by  which  the 
change  of  their  properties  is  effected. .  This  chemical 
force  is  the  cause  of  the  formation  of  a  new  body 
with  altered  properties,  that  is,  of  a,  chemical 
compound. 

We  obtain,  agun,  the  merctuy  from  ciDoabar  by 
heating  it  witJi  iron ;  and  we  obtain  metallic  iron  from 
iron-rust  by  heating  the  latter  to  redness  with  char- 
coal. We  deconvpose  the  cinnabar  by  iron,  and  irou- 
rust  by  charcoal.  The  cause  is,  iuvariably,  chemical 
force ;  the  result  invariably  rests  upon  the  formation 
of  a  compound.  The  iron  which  separates  the 
mercury  combines  with  sulphur.  We  had  sulpburet 
of  mercury,  we  now  obtain  sulpburet  of  iron.  The 
charcoal  which  reproduces  metallic  iron  from  iron- 
raet  enters  into  combination  with  that  constituent  of 
the  atmosphere  (oxygen)  which  the  iron  had  imbibed, 
and  which  has  caused  the  rust. 
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The  iofiDitelj  numerons  chemical  deGompoBitloDS 
of  componnd  bodies,  the  Beparation  of  one  of  their 
GOnstituentB,  invariahly  depends  upon  this,'  that  a 
newly  added  substance  enters  into  combiDOtion  with 
the  remaining  constituents.  It  is  quite  evident  that 
these  Babstances,  imder  the  giren  conditiOng,  would 
not  experience  any  change  of  properties,  unless  the 
cause  which  we  deaiguate  "  chemical  fcirce  "  were 
active  between  their  particles.  This  ohemiiial  force, 
or  infiuenee,  has  been  styled  q^ity,  in  tottfl  deiiance 
of  the  vernacular  acceptation  of  the  word'.  -  It  ia  said 
that  two  BubstancoB  have  an  affinity  whsn'jin  contact 
with  each  other,  they  eibibit  the  faculty'of  com-  ■ 
hining  together.  This  tenn  (affinity)  -i^i  decidedly 
fallacious,  if  it  be  intended  to  convey  the'  meaning 
tiiat  Buch  substancea  are  related  to  each  ether. 

Were  we  to  place  the  sixty-two  known  elements 
promiacnously  upon  a  table,  a  child  would  be  able  to 
divide  them,  hy  their  external  appearance,  into  two 
great  classes : — one  clais,  the  indiTiduals  of  which 
posness  a  metallic  aspect ;  another  class,  deficient  in 
this  appearance.  The  firat  comprehends  the  melah, 
the  latter  claBB  of  bodies  the  mefalloidf.' 

These  principal  classeH,  according  ;to  the  similarity 
of  several  individuals  in  other  properties,  may  again 
be  divided  into  smaller  groups,  in  which  those  most 
closely  resembling  each  other  shall  stand  together. 
In  the  very  same  manner  compound  bodies  manifest 
similaritieB  or  diBsimilorities  in  their  properties  ;  and 
if  WB  arrange  them  into  families,  and  thns  bring 
those  togetherwbich  originate  from  the  same  elements, 
it  will  be  found  that  the  members  of  one  aod  the 
same  family  have  but  very  little,  and  frequently  not 
even  the  slightest,  tendency  to  combine  with  each 
other.  They  are  related,  or,  in  the  usual  lense  of 
the  word,  poBseas  affinity,  in  their  properties )  but 
they  have  no  attraction,  no  affinity,  in  the  chemical 
sense  of  that  term,  for  each  other :  whilst  the  mem* 
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bera  of  two  different  familiee,  which  have  most  dig- 
Biroilar  properties,  hate  always  the  most  powerful 
■ittr«ction  for  each  other. 

Thus,  the  compounds  fonned  hj  two  meuhers  of 
the  same  family  possiesB  nil  tb«  more  apparent  qiialities 
and  defects  of  that  family  in  an  undiminished,  and 
frequently  in  an  increased,  degree;  fiat  if  tw»  sab- 
Kances  of  quite  opposite  families  enter  into  alliance, 
a  new  body  is  invariable  formed,  in  which  we  cannot 
recognise  the  original  parents. 

Thus,  iron  and  mercury  (two  metals)  stand  infi- 
nitely more  closely  related  to  each  other,  than  iron 
and  sulphur,  or  mercury  and  sulphur  (a  metal  and  a 
metalloid) ;  in  a  compound  of  the  two  fanner  we 
immediately  recognise  its  origin ;  but  who,  looking  at 
cinnabar,  would  guess  that  this  substance  contains 
the  silTor-white  fluid  metal  and  the  yeliow  inflam- 
mable sulphur?  Hence  result,  in  the  compounds 
themselves,  various  degrees  of  aj^nify,  bynhicb  term 
we  always  designate  the  unequal  tendency  or  faculty 
of  their  atoms  to  combine  with  eabh.  otberj  and  it  is 
upon  these  various  degrees  of  attraction  that  -  all 
decompositions  depend. 

It  has  been  alreaily  Stated  that  it  is  indispensilbly 
necessary  to  the  manifestation  of  chemical  affinity  tbat 
the  atomB  of  substances  should  be  in  immediate  con- 
tact with  each  other,  or  at  immeasurably  small 
distances.  Now  every  one  knows  the  effect  which 
heat  exercises  upon  bodies.  However  £rmly  you 
may  drive  an  iron  nail  into  the  wall,  it  will  gradually 
become  loose,  and  at  last  fall  out.  In  summer  the 
iron  is  more  heated  than  during  winter,  it  therefore 
expands  in  summer,  and  with  great  power  forces 
wood  and  stone  asunder,  whilst  in  winter  the  iron 
eoDtracts  iu  a  greater  degree  than  stone  or  wood. 
Expansion  by  heat  implies  that  the  atoms  of  which  a 
BQMtance  is  composed  separate  to  a  certain  distance 
from  each  o&er.     Now  since  a  certain  contiguity  of 
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atoms  ia  a  necessary  condition  for  the  actJon  of 
chemical  affipitj,  it  ia  obTious,  that  by  the  mere 
effect  of  heat  a  number  of  chemical  combinations 
must  be  resolved  into  their  constituents ;  and  this, 
indeed,  always,  in  cases  where  the  influence  of  heat 
causes  the  distance  between  the  ultimate  particles  to 
extend  beyond  the  sphere  of  their  chemical  attrac- 
tion. This  neceasarily  causes  a  separation.  When 
the  beat  decreases,  the  atoms  again  approach  each 
other,  and  at  a  certain  point  of  proximity  combination 
(^again  ensues.  We  may  imagine  that  at  a  tempera- 
'  ture  immeasurably  high  to  us,  subatances  can  exist  in 
one  and  the  same  space,  without  combining,  although 
they  may  possess  the  very  strongest  affiojty  for  each 
other,  and  that,  precisely  because  this  high  tempera- 
ture neutralises  their  affinity, — opposes  an  insurmount- 
able resistance  to  its  operation.  So,  undoubtedly,  the 
constituents  of  the  earth,  when  they  possessed  an 
exceedingly  high  temperature,  were  arranged  in  quite 
a  different  manner  from  that  in  which  we  find  tJiem 
at  present.  Nay,  it  is  not  impossible  that  they  should 
have  floated  through  each  other,  as  in  a  chaoa,  and 
that  this  chaos  formed  itself  into  our  present  minerals 
and  rocks  only  whea  this  temperature  was  greatly 
lowered, 

Let  na  suppose  all  the  elements  composing  the 
earth,  by  the  influence  of  a  great  heat,  to  be 
brought  into  the  same  state  in  which  oiygen  and 
hydrogen  gas  exist  at  the  common  temperature  of  the 
atmosphere  ;  the  earth  would  be  an  enormous  ball  of 
nothing  but  gases,  which  everywhere  would  uniformly 
mix  without  entering  into  combination  ;  j^ist  as  is  the 
case  with  oxygen  and  hydrogen, .  deapite  their  ex- 
ceedingly great  affinity.  At  350"  C,  mercury  com- 
bines with  the  oxygen  of  the  atmoaph ere,. forming  a 
red  cryatalline  powder,  and  at  40,0°  this  powder  is 
again  decomposed  into  oxygen  gas  and  mercurial 
vapour. 
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If  ire  {aae  a  mizlure  of  iron  and  lead,  together  j 
with  sulphur,  in  a  crucible,  the  iron  separates  from 
the  lead,  and  combines  with  the  sulphur  ;  as  long  as 
there  remaina  any  trace  of  iron  in  the  lead,  not  a 
parUcle  of  sulphur  combines  with  the  lead,  but  only 
with  the  iron.  When  all  the  iron  has  combined  with 
sulphur,  that  sulphur  which  still  remains  tree  oom- 
hines  with  the  lead.  Both  metals  hare  an  afSnity  for 
sulphur,  but  the  affinitj  of  the  iron  is  far  greater 
than  that  of  the  lead.  Hence  it  happens  that,  as  is 
done  largely  in  metallurgy,  when  iron  is  fused  with 
snlphuret  of  lead  ore  [galena),  the  lead  separates  in 
a  pure  metallic  state,  whilst  the  iron  combines  with  ^ 
the  sulphur,  for  which  it  poasesses  a  far  greater  j 
affinity  than  leadjh— »  In  like  manner,  at  a  red-heat, 
iron  decomposes  cinnabar,  and  expels  the  mercury  bj 
combiniug  with  the  sulphur ;  but  in  this  case  the 
affinity  of  iron  for  sulphur  is  not  the  only  cause  of 
decomposition.  No  one  has  ever  seen  mercury  red- 
hot,  like  iron,  for  instance,  in  the  smith's  forgo  ;  for, 
vhilst  iron  remains  compact  and  solid  at  this  heat, 
mercury  is  converted  into  an  invisible  vapour  ;  its 
particles  obtain  by  heat  the  property  of  assuming  the 
gaseous  form.  Now,'  this  property  depends  upon  the 
tendency  of  the  atoius  of  a  substance  to  repel  each 
other — to  withdraw  from  each  other — and  substances 
retain  this  tendency  in  their  chemical  combinations. 
UercuryevaparaleSi'even  at  the  common  temperature  ; 
a  drop  gradually  passes  into  the  atmosphere  when 
exposed  :  it  requires  certainly  a  longer  time  than  a 
drop  of  water  ;  nevertheless,  it  will  gradually  disap- 
pear. Heat  promotes  this  evaporation  exceedingly. 
Cinnabar  does  not  evaporate  at  the  common  tempera- 
ture. This  manifestly  depends  upon  the  circumstance 
that  the  tendency  of  the  mercury  to  assume  an  aerial 
state,  and  to  separate  from  the  sulphur,  meets  with 
retiisttuiee.  This  resistance  is  the  affinity  of  the 
salphur;  which  is  not  to  be  overcome  at  the  comtnon 
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temperatnre.  Now,  if  the  ciaaabar  be  lieated  to 
that  point  at  which  the  mercury  assumes  the  gaseous 
atate,  not  only  does  the  affinity  betveen  the  mercury 
(tnd  the  sulphur  become  weakened,  but,  moreorer,  the 
tendency  of  the  mercury  to  Beparate  from  the  sul' 
phur  becwnes  strengthened.  If  any  affinity,  although 
only  a  weak  one,  come  at  this  juncture  to  the  assist- 
ance of  the  heat,  that,  for  instance,  of  iron  for  the 
sulphur,  the  sulphur  separates  from  the  mercury, 
which  would  not  have  happened  without  the  con- 
currence of  these  several  oauRes.  Thus,  the  ten- 
dency of  a  substance  to  assume  au  aerial  form  at  a 
certain  temperature,  acta  an  important  part  in  all 
chemical  processes  of  combination  and  decomposition. 
It  modifies,  increases,  or  diminishes  the  manifestations 
of  affinity.  In  precisely  a  similar  manner,  coheBive 
r*^ attract! on — the  power  which  the  particles  of  a  sub- 
'  stance  possess  of  maintaining  their  cohesion  agiunst 
all  influences  which  tend  to  destroy  it — has  a  share 
in  the  play  of  the  affinities.  We  may,  by  the  appli- 
cation of  heat,  melt  sugar  and  common  salt, — render 
their  particles  moveable  in  all  directions, — destroy 
and  annihilate  their  solid  state.  We  may  do  the 
some  by  means  of  water  ;  but  in  the  water  in  which 
sugar  and  common  salt  dissolve,  it  is  not  heat,  but  the 
chemical  affinity  of  the  water,  which  overcomes  their 
Ai^  cohesion.  A  fragment  of  boue  calcined  white  is 
(f^  insoluble  in  water  and  alkaline  fluids ;  the  tendency 
of  its  particles  to  maintain  their  state,  or,  as  it  is 
termed  in  this  case,  their  power  of  cohesion,  is  ' 
greater  than  the  affinity  of  the  fluid  for  them.  In 
many  acid  fluids,  as,  for  example,  in  vinegar,  the 
contrary  is  the  case,  the  fragment  of  bone  dissolves 
therein  ;  it  is,  consequently,  obvioua  that  tf  we  bring 
the  constituents  of  this  fragment  of  bone  {phosphoric 
acid  and  lime]  into  an  acid  fluid,  we  do  not  observe 
any  kind  of  alteration  to  take  place,  becaute  both 
the  4»>nstituents  of  the  bone  are  soluble  in  the  acid 
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fluid,  no  matter  in  what  form  they  may  exist.  But 
if  these  conHtituents  are  hrought  together  in  water 
or  an  alkaline  fluid,  which  opposes  no  obstacle  to 
their  combination  into  a  solid  substance,  we  shall  see 
the  bone-earth  fall  to  the  bottom  as  a  white  powder  ; 
a  precipitate,  as  it  is  termed,  being  formed. 

In  this  manner  the  chemist  uses  the  different 
degrees  of  solubility  of  substances  in  various  liquids, 
and  their  deportment  at  a  high  temperature,  as  a 
powerful  means  of  separation, — of  analysis.  AU 
minerals,  without  exception,  may  be  dissolved  in 
liquids,  by  a  proper  choice  of  soWeuta.  By  altering 
the  nature  of  the  liquid,  by  the  addition  of  other 
matters,  the  chemist  modifies  the  solubility  of  the 
constitDents  of  the  mineral  in  this  liquid,  and  in  this 
manner  he  succeeds  in  separating  all  its  constituents 
one  by  one.  This  is  one  method  of  analysis  ;  the 
other  conEiBts  in  adding  to  the  solution  of  a  com- 
pound, consisting  of  five,  hix,  or  more  constituents, 
successively,  other  substances,  which  enter  into  com- 
bination with  one  or  other  of  those  constituents, 
forming  insoluble  compounds.  This  is  done  in  a 
certain  definite  order,  just  as  if  each  constituent  was 
contained  in  a  different  drawer,  the  opening  of  which  I 
required  a  particular  Itej  appropriated  to  itself.  — ' 
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Ih  studying  these  combinatioDB  and  decompositions, 
tlie  qnesdoa  immediately  arises,  what  is  the  quan- 
^ty  of  any  one  given  substance  that  is  requited 
to  form  a  chemical  compound  with  another  ?  en:  how 
tuoch   of    a   third   body  is    required   to  expel   one 
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of  the  constitueatB  of  that  compound,  and  to  replace' 
it  by  the  third  ?  All  these  questioiiB  have  been 
Btudied,  and  satisfactory  answers  have  been  returned 
to  them,  in  all  their  various  hearings.  We  Inovr 
eiaetly  the  proportions  in  which  bodies  unite,  as  well 
as  the  proportions  in  which  they  replace  each  other 
ID  chemical  compounds. 

A  chemical  compound  is  characterised  by  this,  that 
the  proportions,  by  weight,  of  its  constituents,  are 
invariable.  In  this  lies  the  distinction  between  such 
a  compound  and  a  mere  mixture,  in  which  the 
ingredients  are  present  in  variable  and  indefinite  pro- 
portions. In  the  following  lines  are  given  the  pro- 
portions, by  weight,  of  the  constituents  of  some 
chemical  compounds : — 

Oijgea  .  86-89  Chlorine  .  97-76  Cubou  .  8G-71 
Hydrogen.  IMl        Hydrogen.    2-24        Uydn^n   U-29 


HTdrsaidphuric  add  Hrdiiodli  HCid 

Sulphnr     .     .  9419  Iodine      .     .  99-3] 

Hyitn^n.     .     S-81  Hydrogm     .     0-79 


That  the  constituents  of  a  chemical  compound  are 
present  in  it  in  invariable  proportions  is  regarded  as 
the  first  and  most  important  law  of  combination  ;  so 
much  so,  indeed,  that  it  is  impossible  for  us  to  con- 
ceive water,  with  the  same  properties  as  ordinary 
water,  but  having  a  different  proportion  of  hydrogen 
and  oxygen  from  that  above  given.  The  observations 
which  have  led  to  this  law  belong  to  modem  times, 
and  it  may  be  for  this  reason  that,  in  earlier  ages, 
when  the  law  was  unknown,  chemists  had  very  unde- 
fined  notions  concerning  the   relation  between  the 
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proporties  of  a  cotnponnd  and  the  proportiona  of  ita 
constituents.  We  nuw  knoir  that  the  properties  of  a 
compound  depend  on  certain  definite  relations  of 
weight,  and  deae  propertiea  alter  with  the  increaae 
or  mminutioD  of  the  proportion  of  a  constituent. 

On  the  other  hand,  it  must  always  be  regarded  as 
another  important  discovery,  that,  aa  eiperieuce 
proves,  the  constituents  of  a  simple  chemical  com- 
ponjid,  when  they  enter  into  other  chemical  com- 
pounds, replace  each  other  exactly  in  the  proportion 
in  which  they  combine.  In  the  compoaition,  in  100 
parts,  as  ^ven  ahove,  we  leam  the  proportion,  by 
WMght,  in  which  thia  replacement  occurs. 

When,  therefore,  in  a  compound  of  oxygen,  the 
oxygen  ia  removed,  and  hydrogen  is  to  be  substituted 
for  it,  then  we  find  always  and  invariably,  88'89 
parts  hy  weight  of  oxygen  replaced  by  ll'll  parts 
by  weight  of  hydrogen.  In  like  manner,  2'24  parts 
of  hydrogen,  in  a  compound  of  that  hody,  are  replaced 
and  represented  hy  9776  parts,  by  weight,  of 
chlorine ;  and  94*19  parts  of  sulphur  by  5.81  of 
hydrogen. 

The  above  results  of  decomposition,  ascertained  by 
analysis,  may  he  expressed  in  a  simple  form. 

To  1  part,  by  weight,  of  hydrogen  there  is  found, 

!.„«,  I.Brt»M.H..«.  •'SJSS^ 

8  p»rt«  of  Oifgen.  35-4  of  Chlorine.  6  of  Cuboci. 

In  9  parts  of  water  there  is  1  of  hydrogen.  Now 
since  this  1  part  of  hydrogen  is  replaceable  by  354 
of  chlorine  and  6  of  carbon,  it  is  evident  that  these 
numbers  (8  oxygen,  35'i  chlorine,  6  carbon)  repre- 
sent also  tiie  proportions  in  which  those  bodies  combine 
together. 

In  9  parts,  by  weight,  of  water,  there  is  1  part,  by 
weight,  of  hydrogen,  removable  and  replaceable  by 
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35'4  partB  of  chlorine.  It  follows  that,  when  this 
replaoement  has  taken  place,  there  muat  have  been 
formed  a  compound  of  oijgen  and  chlorioe,  an  oxide  of 
chlorine,  in  which  8  parts  of  oijgen  are  united  with 
3d'4  parta  of  chlorine  ;  and  bo  with  carbon,  6  parti. 


lofHjdropn 
8      Oijgm, 

npUuied  hj  35-i  Chlorine, 
iddOijsen    8-    (from  the  witer), 

9      WmlBT. 

we  hive  43'4  Oiide  of  Cblorine 

1  Hjdrogcn 
8  Ojygfn, 

or," 

repWd  by  6  Cubon, 

Bdd             8  Oiygtn  (from  Ihe  wEter) 

9  Water, 

we  h.T<i  U  Cmrbmfc  Oiide. 

Further :  since  1  part  of  hydrogen  is  replaceable 
hy  35'4  of  chlorine,  it  follows,  that  if  we  replace  the 
hydrogen  in  7  parts  of  carbiiretted  hydrogen  (con- 
taining 1  of  hydrogen)  by  chlorine,  then  6  parts  of 
cavbon  unite  with  35-4  of  chlorine. 


7  Cub.  HydrogeB,  we  Iutb  41-4  Chloride  of  Cu-bon. 

We  see,  then,  that  8  parts,  by  weight,  of  oxygen. 
35-4  of  chlorine,  and  6  of  carbon,  express  actually, 
not  only  the  proportiona  in  which  all  these  bodies 
unite  with  1  part  of  hydrogen,  but  also  the  propor- 
tions in  which  they  combine  among  themselves  ;  for 
repUcemeat,  in  fact,  means  nothing  else  than  com- 
bination. * 

This  law  of  replacement  or  combination  in  definite 
ftnd  invariable  prc^rtimifl  is  true  not  only  for  the 
bodies  just  named,  hut  for  all.  If,  therefore,  we 
know  the  proportions,  by  weight,  in  which  one  body 
combines  with  another,  or  with  ten  others,  or  wiUi 


caniMovCoO'^lt^ 


EQUrVALENT  NUMBERS.  88 

twenty,  or  with  all  other  bodies,  we  know  also  the 
propwtioDB,  bj  weight,  in  which  all  these  bodies 
mntnaUy  replace  each  other ;  that  is,  in  which  they 
combine  among  each  other,  one  with  another. 

The  following  Table  scarcely  requires,  aftM  these 
remarks,  any  explanation  : — 


Oxrden  . 
HjdrogeD 
Cuban    . 


PhoefAonu 


O    8  Potinlum  (Uium)     .     .  K 

H    1  Cilcium Ca 

C    6  Silicon Si 

S  16  LeHd  (plun 


N  U        Copper  (cuprum)    .     .     .  Cu     31-8 
F  SI-4    QuicluilTec(h;dnrg7mm)  Hg  1000 

These  nambers  express  the  proportions,  by  weight, 
in  which  a  few  simple  substances  combine  with  each 
other  ;  or,  if  the  expression  please  you  better,  the 
eqniralent  amounts  in  which  they  replace  each  other 
in  their  combinations.  Chemists  are  acquainted  with 
the  combining  proportions,  the  equivalent  nnmbera, 
of  all  the  known  simple  bodies. 

Further,  it  must  be  especially  remarked  that  these 
relative  numbers  do  not  change,  ereu  in  those  cases 
in  which  one  bodj  forms,  with  a  second  or  with  a 
third,  more  than  one  compound. 

Thus,  for  instance,  14  parts  of  nitrogen  combine 
with  8  parts  of  oxygen,  and  foim  the  substance  known 
as  the  laughing  gas,  nitrous  oxide. 

There  exists  another  compound  of  these  substances, 
also  a  colourless  gas  (nttrtc  oxide),  which  forms  red 
fames  when  it  comes  into  contact  with  atmospheric 
air,  and  which  to  14  parts  of  nikogen  contains  twice 
8=16  parts  of  oxygen. 

A  third  compound  coot^ns  3  times  8=34  parts  of 
oxygen,  with  14  of  nitrogen  {nttroui  acid). 

A  fourth  contains  4  times  8=32  parts  of  oiygen  to 
the  14  of  nitrogen  {hyponitric  acid). 

A  fifth  {nitric  acid)  contains  5  times  8=40  of 
oxygen,  invariably,  to  14  parts  of  nitrogen. 
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I  maj  adduce  another  example  in  the  compounds  of 
carbon  and  oxygen. 

Carbon  combiDes  with  oxygen  in  two  proportions : 
the  first  compound,  an  inflammable  gas  {carbonic  add), 
contains  8  parts  of  oxygen  to  6  parts  of  carbon  ;  the 
other  {carbonic  acid)  contains  twice  8=16  oxygen  to 
6  of  carbon.  These  fixed  and  invariable  proportions 
are  observed  in  all  caBes  where  the  elementwy  bodies 
unite  to  form  any  definite  compound  of  distinct  and 
peculiar  properties. 

Again,  from  the  analysis  of  acetic  acid,  it  appears 
that  this  acid  contains  in  100  parta  by  weight,  4706 
carbon,  5'88  hydrogen,  and  47-06  oxygen.  These 
numbers  in  100  parts,  inform  us  how  much  oxygen 
and  hydrogen  are  combined  with  47'06  of  carbon  ; 
and  nothing  is  easier  than  the  calculation  for  finding 
how  much  oxygen  and  hydrogen  is  in  this  substance 
combined  ni^  6  carbcm.  This  is  a  simple  rule-of- 
three  question.  To  6  carbon  we  have  in  acetic  acid 
i  hydrogen,  and  6  of  oxygen  ;  or,  to  express  the 
same  in  whole  numbers,  let  us  multiply  by  4,  and  we 
then  have  24  carbon,  i.e.,  4  times  6  ;  3  hydrogen, 
i.e.,  i  times  i;  and  24  oiygen=:4  times  6.  Or, 
to  look  at  it  in  another  point  of  view,  we  know  how 
much  carbon  and  hydrogen  are  in  acetic  acid  com- 
bined with  47 '06  of  oxygem,  and  we  may  calculate 
how  much  of  these  two  elements  are  united  with  8  of 
oxygen  (that  is,  with  another  of  these  invariable  num- 
bers r^resenting  the  simple  elements} ;  and  we 
obtain  as  the  result,  to  6  oxygen,  1  hydrogen  and  8 
carbon  ;  and  this,  multiplied  by  3,  gives  us  precisely 
the  same  proportions. 

The  composition  of  all  chemical  compounds  what- 
ever, may  be  expressed  in  the  same  manner,  by  inva- 
riable number*,  which  on  this  account  have  been 
designated  by  the  term  combining  proportiom,  and, 
with  respect  to  th«r  mutual  power  of  substitution, 
equnalents  ;  becatue,  indeed,  they  express  the  qunn- 
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titiea  in  which  Bubstancea  enter  into  admixture,  or 
rather  into  chemical  combination,  or  in  which  they 
produce  equivalent  effects.  Or,  to  state  this  in  other 
words,  if,  in  order  to  exerciBe  any  chemical  action, 
we  require  for  any  given  purpose  8  parts  of  oiygen, 
and  if,  instead  of  the  oxygen,  we  are  able  and  desire 
to  employ  for  the  same  purpose  sulphur,  we  inYariably 
require  16  parts  of  the  latter  body.  Thus  these  com- 
bining proportions  are  the  representation  of  equal 
values  oi  effect.     Hence  the  term  equivalent. 
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The  eatahlishment  of  the  truth  of  the  great  natural 
law,  that  all  bodies  capable  of  entering  into  combina- 
tion always  do  so  in  definite  and  fixed  proportions,  ted 
cbemists  immediately  to  the  invention  of  symbolical 
language,  which  enables  them  to  express,  in  an 
exceedingly  usple  manner  the  constitution  of  every 
compound  body,  tiie  replacement  of  any  of  its  ele- 
ments, and,  in  general,  the  mode  in  which  the 
constituents  are  supposed  to  be  arranged  in  every 
compound. 

This  symbolical  language  is  exceediagly  simple, 
and  yon  will  readUy  obtiun  a  complete  and  satis- 
factory knowledge  of  it  by  attending  to  the  following 
illustrations  : — 

In  the  first  place,  chemists  have  agreed  to  desig- 
nate the  elanettit,  and  at  the  same  time  their  equiva- 
lentt,  by  the  initial  letter  of  the  names  of  the  elements 
in  the  Latin  language.  Thus,  the  letter  0,  for 
example  (from  ox^enium)  in  the  symbolic  language 
of  chemistry,  signifies  not  merely  the  element,  oiygen, 
-  but  neither  more  nor  lees  than  8  ports  by  weight  of 
oxygen, 

H  represents  1  part  by  weight  of  hydrogen  ;  S,  16 
parts  by  weight  of  sulphur. 
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The  rut  advantages  of  thU  sjatem  are  abuod^tlj 
obvious.  The  most  retentive  memorj  would  not  be 
able  to  retain  witb  accuracy  and  permaueotlj  the 
proportiiHiB,  in  100  parts,  of  the  constituents  of  hnn- 
dr^s  uf  compound  bodies,  whilst  b;  the  use  of 
»vmboIs  and  fonnuln  nothing  is  easier  of  apprehen- 
Bioa  and  recollection  ;  thus,  the  composition  of  water, 
which,  slated  according  to  the  per-centage  of  its 
elements,  is  composed  of  88'889  of  oxygen,  and 
11*111  of  hTdrogen,  is  expressed  by  the  chemist  by 
the  letters  HO  ;  the  donble  amount  by  2  HO  ;  the 
threefold  amount,  by  3  HO,  and  so  on. 

Carbonic  oxide,  which,  as  we  have  stated  above,  is 
composed  of  6  carbon  and  8  oxygen,  is  expressed 
by  CO. 

Carbonic  acid,  is  6  carbon,  16  oxygen,  utd  is, 
therefore,  written  CO.. 

Acetic  acid  is  C^  U,  0,,  and  the  combination  of 
acetic  «oid  and  water  is  represented  by  the  formula, 
C4  Ha  0,  +  HO. 

Ether  is  represented  by  C^  H^  0. 

Alcohol,  which  is  considered  to  be  a  combinaticm 
of  ether  and  water,  by  C^  H.  0  +  H  0. 

The  full  meaning  of  which  is,  four  equivalents  of 
carbon—  4  times  6  parts  =:  24  ;  five  equivalents  of 
hydrogen  =:  5  times  1  =  5;  one  equivalent  of  oxygen 
=:  8,  and  superadded  to  these  an  equivalent  of  water 
^  9,  composed  of  one  equivalent  of  hydrogens  1, 
and  one  equivalent  of  oxygen  =  8. 

But  the  application  of  the  term  "  equivalent*  "  is 
extended  also  to  compound  bodies. 

Among  these  we  find  many  groups,  the  individual 
members  of  which  exhibit  similar  properties,  or 
analogtHis  cbeinical  relations  and  characters,  and 
may  he  made  to  take  each  other's  place,  or  fanction, 
in  compounds.  Every  one  is  acquainted  with  ths 
general  properties  of  that  group  of  substances  which 
bears  the  name  of  acids.     The  term  bate  is,  perhapa, 
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not  90  uaiTerssll;  understood.  We  designate  com- 
poundg  posaessJDg  the  power  of  combining  with  (Kids 
and  neutralising  their  acid  properties,  by  the  word 
BASES.  A  compound  of  an  acid  with  a  baje  is 
denominated  a  salt  (this  name  has  no  reference  to 
tbe  taBte).  Now,  in  these  compounds — iu  aalts — one 
base  may  be  made  to  replace  another  base,  one  acid 
another  acid,  iiany  metallic  oxides,  or  compounds 
of  oxygen  with  metals,  are  snch  bases  ;  and  it  has 
been  observed,  from  a  minnte  eiaminatioa  of  the 
proportions  in  which  these  metallic  oiides  replace 
each  other,  that  Tory  unequal  weights  of  different 
bases  are  required  in  this  substitution.  In  order  to 
expel  10  parts  of  one  base,  15  parts  of  another  base, 
or  25  parts  of  a  third  base,  and  so  on,  are  necessary. 
If  the  10  parts  of  the  first  base  contain  5  parts  of 
oxygen,  we  find  that  the  15  parts  of  the  second,  or 
25  of  the  third  base,  J^c,  wiU  also  contain  neither 
more  nor  less  than  5  parts  of  oxygen.  The  amount 
of  oxygen  in  the  metallic  bases  replaced  by  each 
other,  remains  invariably  the  same  ;  the  metals  alone 
combined  with  this  oxygen  vary  in  their  proportions  : 
they  replace  each  other  according  to  their  equivalents, 
that  is,  for  'S9-2  of  potassium,  expelled  from  a  com- 
pound, 100-0  of  mercury  are  substituted. 

Chemists  have  agreed  to  designate  every  quantity 
of  a  metallic  oxide  containing  8  parts  by  weight, 
that  is,  one  equivalent,  of  oxygen,  as  on«  egvivalent 
of  metallic  aride,  without  regard  to  the  amount  of 
metal  it  may  contain. 

If,  therefore,  we  once  know  tbe  amount  of  an  acid 
which  is  required  to  form  a  neutral  salt  with  one 
equivalent  of  a  base,  this  amount  of  acid  remains 
invariably  the  same  for  an  equivalent  of  any  other 
baae,  since  the  other  bases  contain  exactly  the  same 
unount  of  oxygen  as  the  firct,  aud  since  their  mutual 
substitution  depends  exclusively  upon  the  relative 
proportion  of  tbe  oxygen.     Chemists  have  also  agreed 
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to  call  that  amount  of  a«id  required  for  the  saturation 
of  one  equivalent  of  a  base,  one  equivalent  of  acid. 

When  we  are  familiar  irith  these  facts,  we  can 
readily  imderetand  why  chemists  express  the  oompo- 
sitioD  of  acetic  acid  by  the  formula  C^  5,  0^,  and 
not  by  Cj  HjjO,j,  or  any  other.  If  we  sum  up 
the  numbers  indicated  by  these  symbols  (C.  =:  4  x 
6  =  24:  carbon  ;  H,  =  3  hydrogen  ;  0,  =  3  x  8  = 
24  oxygen),  we  obtain  as  the  result  a  total  of  51. 
These  51  parts  of  acetic  acid  form  the  proportional 
anlount  (or  one  equiralent]  of  that  acid  whiofa  com- 
bines with  one  equivalent  of  any  metallic  oxide  to 
form  a  salt. 

This  formula  of  an  acid  generally  refers  to  one 
equivalent  of  a  base,  that  of  a  base  to  oae  equivalent 
of  an  acid  ;  the  formula  of  any  other  compound 
invariably  refers  to  the  relative  proportions  in  which 
its  elements  have  been  found  to  combiue  with  the 
ascertained  equivalent  of  some  other  substance.  In 
many  cases,  however,  where  this  is  unknown,  the 
formule  express  only  the  mutual  relation  of  the  com- 
position  of  two  or  of  more  substances.  The  formula 
of  a  salt  of  acetio  acid  will  consequently  have  to 
be  written  thus  j  C^  H,  0,,  MO  ;  (M  stands  for  1 
equivalent  of  any  metal.)  -  If  we  suppose  that  metal 
to  be  replaced  by  hydrogen,  the  formula  will  then 
represent  a  compound  of  acetic  acid  with  oxide  of 
hydrogen  (water),  and  this,  like  all  similar  compounds 
of  water,  is  called  a  hydrate.  Its  formula  is  C^  H^ 
Oj,  H  0,  or,  adding  all  the  elements  together,  C^  H, 
0^.  We  can  also  rejvesent  the  salt  according  to 
the  last  formula,  thus  :  C^  >.'  >  0,  ;  which  repre- 
sents hydrated  acetic  acid,  in  which  1  equivalent  of 
hydrogen  has  been  replaced  by  1  equivalent  of  metal. 

This  symbolical  language  is  of  inestimable  value  for 
the  comparison  of  the  composition  of  various  chemical 
compounds,  and  for  facilitating  the  comprehension  and 
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expresaion  of  the   alterations,   tranBmutationB,    and 
decompoBitioDB  which  Bnch  bodies  andergo. 

For  inataDce,  Buppose  1  have  made  an  analyses  of 
acetic  acid,  and  I  am  desirous  to  ascertain  whether 
the  numbers  obtained  bj  experiment  are  correct  or 
not.  For  this  purpose  I  express  the  amounts  of 
carbon,  oxjgen,  and  hydrogen,  which  I  hrve  found, 
in  equivalents.  These  have  been  determined  with 
the  utmost  accitracj,  and  tbe  nearer  mj  numbers 
agree  with  them  (this  is  called  agreeing  with  the 
calculated  result),  tbe  greater  confidence  I  have  in 
my  analyses.  If  mjnumbers differ  toany  considerable 
d^;ree  from  tbe  equivalent  numbers,  I  am  assured 
there  has  been  an  error  somewhere  in  my  proceaeee, 
and  I  have  to  begin  my  labour  over  again.  Thus, 
possessing  the  chemical  equivalent  numbers  of  all 
elementary  bodies,  we  are  able  to  exercise  a  strict 
control  over  chemical  analyses ;  the  comparison  of  the 
number  shows  us,  that  we  must  have  fallen  into  some 
error,  or  that  the  substance  under  investigation  doeB 
DOt  possess  the  necessary  degree  of  purity. 

Every  one  will  now,  I  trust,  be  able  to  understand 
the  following  formula,  and  to  perceive,  in  the  subse- 
quent simple  illustrations,  somewhat  of  their  high 
importance  and  value  ; —  . 

Ci»Hg  Oj  oil  of  bitter  almonds. 

C,4  Hg  0^  benaoic  acid. 
Now,  the  oil  of  bitter  almonds,  the  composition  of 
which  is  represented  by  the  first  of  these  formulie, 
when  exposed  for  some  time  to  the  atmosphere, 
absorbs  oxygen,  and  becomes  converted  into  benzoic 
acid.  The  formulte  exhibit  the  relation  between 
these  two  substances,  and  when  translated  into  the 
numerical  values,  indicate  exactly  the  quantitative 
change  in  this  conversion. 

Again,  C^  H,  0,  is  aloohol. 

C.  n*  f  '^«  "^  acetic  acid, 
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Alcohol  is  changed  into  acetic  acid  hj  the  absorp- 
tion of  oiygen.  Sut  it  is  easj  to  eee,  bj  the  fonnulse, 
that  the  change  really  coDsistB  in  this,  that  2  equiva- 
lents of  hydrogen  in  the  alcohol  have  boen  expelled 
and  replaced  by  2  equivalents  of  oxygen.  All  this  is 
exceedingly  simple,  and  it  will  now,  I  trust,  be  easy 
for  the  reader  to  understand  what  was  hinted  in  & 
former  chiLpter,  that  whenever  a  new  metal  or  metal- 
loid is  discovered,  it  ia  sufficient  to  determine  how 
much  metal  will  combine  with  8  parts  by  weight  of 
oxygen,  or  how  much  of  the  metalloid  unites  with 
39*2  of  potassium,  to  learn  at  once  in  what  propor- 
tion it  will  combine  with  all  other  bodies ;  that  is, 
what  is  its  equivalent  number.  It  is  precisely  thus 
that  the  equivalents  of  lantanium  and  didymium  (two 
new  metals  discovered  recently  in  the  ores  of  cerium), 
and  of  bromine,  (a  new  metalloid,  found  a  few  years 
since  in  sea-water),  have  been  determined. 

The  creative  fancy  or  imagination  has  no  share 
whatever  in  these  facts,  or  in  the  mutual  relation  of 
bodies,  which  1  have  here  expliuned.  Every  number 
is  the  result  of  a  large  series  of  carefully  performed 
analyses.  But  the  facts,  or  the  analyses  upon  which 
they  are  based,  have  not  of  themselves  formed,  or 
evolved,  the  great  natural  law  which  they  represent 
and  establish.  The  discovery  of  that  law  must  he 
attributed  to  the  sagacity  and  acuteness  of  a  German 
chemist,  and  the  name  of  Richteb  will  renuun  as 
imperishable  as  the  science  itself. 
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It  is  easy  to  uuderstand  tbat  the  question  as  to 
the  nbj  ?  as  to  the  cause  of  these  fixed,  iavariable 
weights  in  chemical  coapounds,  must  necessarilj  have  A 
occupied  the  attention  of  chemists.  There  must  71 
certaintj  he  some  caxue  which  renders  impossible 
the  combination  of  elemonts  in  on;  other  than 
certain  definite  proportions,  tometking  which  opposes 
an  invincible  obstacle  to  anj  diminution  or  aug- 
mentation of  these  relative  proportions. 

The  fixed  and  inTariable  amounts  of  the  com- 
bining proportions  or  equiyalentH  of  bodies  are  the 
manifestations  of  this  hidden  cause,  but  these  mani- 
festations form  the  limit  of  the  domain  of  true  experi- 
mental investigation  ;  the  cause  itself  is  beyond  our 
powers  of  perception, — our  ^here  of  researoh, — and 
can  onlj  he  a  subject  for  tbe  exercise  of  speculation  *  jj . 
— for  the  ejercise  of  the  refiective  intellectual/  M, 
faculties. 

In  endearouring  to  develope  the  theory  which  at 
present  prevails  respecting  the  cause  of  the  unchange- 
ableness  of  chemical  proportions,  let  it  not  he 
forgotten,  that  its  truth  or  falsehood  has  nothing 
whatever  to  do  with  ^e  natural  law  itself.  The 
latter  is  the  expression  of  universal  experience  ;  it 
remains  true,  invariably  and  immutably,  however 
our  notions  respecting  its  cause  may,  from  time  to 
time,  vary  and  change. 

A  very  ancient  opinion  respecting  the  nature  of 

matter,  well  known  as  the  theory  of    atoms,  is,  in 

truth,  exceedingly  well  adapted  to  render  the  law  of 

defimte  proportions  intelligible  to  our  understanding, 

a 
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The  atomic  theory  supposes  that  the  space  occupied 
bj  a  solid,  fluid,  or  aeriform  body,  is  not  in  every  part 
filled  with  matter,  but  that  every  such  substance  has 
pores,  or  interstices,  between  its  particles  of  solid 
matter,  which  pores  are  not  like  those  of  a  piece 
of  wood,  visible,  hut  are  of  an  infinitely  smaller  size. 
According  to  this  view  all  bodies  consist  of  exceedingly 
minute  particles  placed  at  a  certain  distance  from 
each  other,  so  that  there  ezists  between  every  two 
particles,  or,  rather,  around  every  individual  particle, 
a  space  not  filled  with  the  matter  composing  the  sub- 
stance itself. 

It  must  be  admitted  that  this  view  of  the  nature  of 
matter  is  highly  probable.  We  can  compress  a 
volume  of  air  into  a  space  a  thousand  times  smaller 
than  it  originally  occupied,  and  even  fluid  and  solid 
anhstances  are  capable  of  being  compressed  into  less 
space  than  the;  fill  under  ordinary  circumstances,  hy 
mechanical  pressure.  A  hilliard-ball  thrown  with 
considerable  force 'Upon  a  hard  substance  becomes 
flattened,  and,  after  rebounding,  resumes  its  spherical 
Form.  All  bodies  expand  and  fill  a  larger  space  when 
heated,  and  contract  into  a  smaller  space  when 
exposed  to  a  low  temperature. 

All  these  well-known  facts  manifestly  prove  that 
the  space  which  a  body  occupies  at  any  given  time 
depends  upon  accidental  circumstances  ;  that  this 
space  varies  hj  the  operation  of  such  causes  as  tem^ 
perature  and  pressure,  which  tend  to  render  it  greater 
or  smaller.  Now,  when  we  reflect  that  the  place 
within  any  body,  occupied  hy  one  of  its  smalleat 
particles,  cannot  at  the  same  time  he  occupied  hy  a 
second  and  a  third  particle,  we  cannot  help  drawing 
the  conclusion  that  the  augmentation  or  diminution 
of  its  volume,  which  we  have  described,  is  a  conse- 
quence of  a  greater  or  less  distance  between  its  space- 
filling particles.  Thns,  in  a  pound  of  liquid  water, 
the  particles  of  the  water  most  evidently  be  nearer  to 
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each  other  than  they  are  in  a  pound  of  steam,  which 
occDpies  a  space  1700  times  greater  than  a  pound  of 
liquid  water. 

This  theory  affords  na  an  intelhgihle  insight  into 
a  number  of  phenomena,  which,  althongh  simple  in 
themselves,  have  hitherto  heen  ottogether  inezplicahle 
upon  any  other  supposition. 

Again,  the  atoniio  theory  presupposeB  that  the 
small  particles  composiDg  the  mass  of  any  substance 
are  incapable  of  further  diTision, — that  they  are  indi- 
visible particles  or  atoms,  a  term  applied  to  the  ulti- 
mata particles  of  bodies,  derived  from  the  Greek,  a, 
not,  and  ti^vb,  to  cut. 

It  is  impoBsihlo  for  the  human  mind  to  imagine 
particles  of  matter  to  be  absolutely  iodivisibte,  sioce 
they  cannot  be  infinitely  small  in  a  mathematical 
sense,  that  is  to  say,  altogether  without  extension, 
because  they  possess  a  certun  weight ;  and  how 
minute  soever  we  may  assume  this  weight  to  be,  yet 
we  cannot  consider  the  division  of  a  particle  pos- 
sessing weight  to  be  impossible,  into  two,  three,  nay 
into  a  hundred  ports.  But  we  may  also  suppose  that 
the  ultimate  atoms  of  bodies  are  only  physically  indi- 
visible ;  they  are  only  incapable  of  further  subdivision 
so  far  us  our  powers  of  perception  enable  us  to  judge. 

A  physical  atom  in  this  sense,  then,  is  a  con- 
glomeration of  innumerable  smaller  imaginary  par- 
ticles, held  together  by  a  force  or  forces  more 
powerful  than  all  the  means  at  our  command  for  their 
further  subdivision  or  dissolution. 

With  respect  to  these  atoms,  and  the  meaning  the 
chemist  attaches  to  the  term,  it  is  precisely  analogous 
to  the  opinion  held  respecting  certain  substances 
as  to  their  being  elements,  or  simple,  uncomponnded 

The  sixty-two  substances  at  present  known  and 
Bopposed  to  be  simple  bodies  or  elements  are  so  con- 
sidered, not  absolutely,    but  only  relatively   to  our 
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powers,  because  we  are  not  able  by  any  means  we 
poB8«BS  at  present  to  decompose  them, — tbat  is,  to 
separate  them  into  still  more  simple  elements  ;  and, 
adhering  to  the  true  principles  of  natural  philosophy, 
we  call  thetn  simple  bodies  or  elements,  until  expe- 
rience shall  demonstrate  them  to  be  compound. 

The  history  of  science  presents  us  with  abundant 
illustrations  of  the  supreme  importance  of  a  strict 
adherence  to  this  mle  of  philosophical  inquiry, — retro- 
res^on,  errors,  and  fallacious  theories  innumerable, 
having  invariably  followed  the  transgression  of  the 
limits  of  ezperiecce. 

Without  disputing  the  infinite  divisibility  of  matter, 
the  chemist  merely  maintains  the  firm  and  immove- 
able foundation  of  his  science,  when  he  admits  the 
esistenco  of  physical  atowh  as  a  truth,  entirely 
incontrovertible, 

A  professor  of  Tiibingen  has  endeavoured,  by  an 
ingenious  illustration,  to  render  the  atomic  theory  of 
chemists  more  intelligible.  He  compares  atoms  to 
the  heavenly  bodies,  which,  in  comparisoa  with  the 
extent  of  the  space  in  which  they  are  suspended,  are 
infinitely  smalt,  that  is,  are  atom*.  Innumerable 
suns,  with  their  planets  and  attendant  satellites, 
move  in  infinite  apace,  at  definite  and  measured  dis- 
tances from  each  other  ;  they  are  individually  indi- 
visible, inasmuch  as  there  eiists  no  force  capable  of 
separating  them  into  parts,  tearing  off  from  them 
anything  material,  or  altering  their  size  or  form  in 
such  a  degree  as  to  be  perceptible,  or  to  impair  or 
disturb  their  relations  to  the  other  heavenly  bodies, 
hot  they  are  not  indivisible  per  se. 

In  this  sense  the  whole  universe  coalesces  into  one 
immense  body,  the  atoms  of  which — that  is,  snns, 
planets,  and  satellites — are  indivisible  and  unchange- 
able ! 

According  to  the  atomic  theory,  then,  a  piece  of 
glass,  of  cinoabar,  of  iron,  iio,,  is  a  heap  or  congeries 
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of  atoms  of  glass,  cianabar,  iron,  &c.,  the  connection  of 
which,  in  maBses,  dependa  upon  tbe  power  or  attraction 
of  coheaion.  The  nnallest  particle  we  can  ima^ne 
of  the  iron  is  itill  iron.  Bnt  we  know,  with  positive 
certaintj,  with  respect  to  the  cinnabar,  that  ita 
smallest  particle,  althongh  physicaliy  iDdivisible,  ia 
made  np  of  stilL  smaller  particles  ;  that  is,  that  it 
must  contain  particles  of  sulphur  and  particles  of 
mercury  ;  acd  we  further  know  even  the  relative  pro- 
portions, by  weight,  of  these  two  substances  con- 
tuned  in  the  physic^y  indivisible  particle  of  cinnabar. 

The  iron  consists  of  homogeneons  atoms  of  iron ; 
the  cinnabar  also  consists  of  homogeneons  atoms,  each 
of  which  is  cinnabar  ;  bat  these  latter  atoms  are  not 
wmple,  like  those  of  tbe  iron,  but  they  are  capable  of 
being  separated  into  constituent  parts :  they  are 
homogeneous  as  far  as  our  senses  reach,  bnt  we 
nevertheless  know  their  nature  to  be  compound.  We 
may,  by  the  mere  mechanical  processes  of  filing, 
trituration,  &,e.,  reduce  a  piece  of  cinnabar  into  an 
innumerable  quantity  of  small  particles,  but  no  merely 
mechanical  force  will  enable  us  to  overcome  that 
power  by  which  the  beterogeneoue  particles  forming 
the  constituents  of  a  complex  atom  like  that  of  cinna- 
bar are  kept  united. 

It  is  precisely  in  this  that  chemical  affinity  differs 
from  the  power  of  cohesion,  or  cohesive  attraction,  as 
it  is  called, — that  it  becomes  active  and  manifest  only 
when  dittimUar  atoms  are  brought  into  contact  with 
each  other  ;  and  since  it  is  impossible  that  atoms 
should  penetrate  and  become  mutually  difiused 
throughout  each  other,  it  follows  that  such  compound 
atoms  must  be  formed  by  the  aggregation,  or  grouping 
side  by  side,  of  the  simple  atoms,  in  consequence  of 
the  power  of  affinity  acting  so  as  to  associate  them 
into  compound  atoms, — one  atom  of  one  simple  body 
being  aggregated  with  one,  two,  three,  or  more  atoms 
of  ^odier  body,  and  so  on, — every  suoh  group  being 
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A  part  exactly  analogous  to  tlie  maBs  of  a  Bubstance 
perceptible  to  our  Bensee.  Thus,  ne  may  suppose 
the  very  sioallest  particle  of  cinnabar  ire  can  imagine, 
consists  of  a  group  of  tiro  atoms,  oamelj,  one  atom 
of  mercury,  and  one  atom  of  sulphur. 

When  we  consider  that  a  ttiousand  pounds  weight 
of  cinnabar  contains  exactly  the  same  relative  pro* 
portions  of  mercury  and  of  sulphur  as  a  sinvle  pound, 
or  a  single  grain, — and  although  a  piece  of  cinnabar 
large  enough  to  be  manifest  to  our  senses  must  con- 
tain, perhaps,  millions  of  atotnt  of  cinnabar, — yet  it 
must  be  evident  that  in  every  single  atom,  equally  as 
in  the  mass  made  up  of  millions  of  atoms,  100  parts 
by  weight  of  mercury  are  invariably  united  to  16  of 
Bulpbnr.  If  we  decompose  cinnabar  by  means  of  iron, 
the  atom  of  mercury  is  displaced,  and  an  atom  of  iron 
is  substituted  for  it.  Or  if  we  replace  the  sulphur  of 
the  ciunabar  by  oxygen,  one  atom  of  oxygen  takes 
the  place  of  the  atom  of  sulphur, 

You  will  now  perceive  that,  according  to  this  theory 
of  the  constitution  of  bodies,  and  their  mutual  substitu- 
tion in  combinations,  the  numbers  denominated  equiva- 
lents express  nothing  else  than  the  weight  of  the  atoms. 
The  abfolute  weight  of  the  atom  of  any  substance  it 
is  not  within  the  reach  of  our  faculties  to  determine  ; 
but  how  much  more  or  less  weight  one  body  brings 
into  a  combination  than  another,  that  is  to  say,  the 
relative  weight  of  atoms,  can  readily  be  ascertained. 

Sinae  to  replace  8  parts  by  weight  of  oxygen  16 
parts  by  weight  of  sulphur  are  required,  that  is, 
double  the  weight  of  the  oxygen,  the  atom  of  sulphur 
is  twice  as  heavy  as  that  of  oxygen. 

In  substituting  hydrogen  for  oxygen  in  any  com- 
pound, only  one-eighth  part  of  the  weight  of  the  latter 
substance  ig  required  to  one  part  of  the  former  ;  it  is 
evident  that  the  weight  of  the  atom  of  hydrogen  is 
eight  times  lighter  than  the  atom  of  oxygen.  Car- 
bonic oxide  is  a  group  of  (wo  atoms,  containing  one 
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atom  of  carbon  and  one  atom  of  oxygen.  Carbonic 
acid  is  a  group  of  three  atoms,  contiumug  two  atoms 
of  oxjgen  to  one  of  carbon. 

The  immutability  of  the  proportions,  bj  weight,  in 
which  bodies  combine,  is  fu]]y  explained  tbeoretically 
bj  thus  assuming  the  existence  of  indivisible  nltimate 
particles,  which  are  of  unequal  weights,  incapable  of 
penetrating  or  being  diffused  through  each  other  when 
they  are  united  in  chemical  combination,  but  being 
arranged  together  side  by  side. 

It  is,  however,  in  the  highest  degree  expedient 
that  you  should  discriminate  between  what  is  esta- 
blished on  the  sure  ground  of  experience,  and  what  in 
tliis  subject  is  merely  hypothetical. 

The  real  experimental  import  of  the  equivalent 
numbers  is  the  expression  of  the  proportional  and 
relatire  weight  of  bodies  in  which  they  produce  equi- 
valent effects  in  chemical  combinations  ;  and  these 
effects  we  represent  to  our  minds,  and  render  intel- 
ligible, by  ascribing  them  to  indivisible  particles,  or 
otofflj,  which  occupy  a  certain  space,  and  possess  a 
certain  form,  or  ehape.  We  possess  no  means  of 
ascertaining  the  number  of  atoms,  even  in  the  most 
simple  compound,  since  for  this  purpose  it  would  be 
necessary  that  we  should  be  able  to  see  and  to  count 
them,  and  therefore,  notwithstanding  our  firm  eon* 
viction  of  the  existence  of  physical  atoms,  the  snppo< 
sition  that  the  equivalent  numbers  actually  express 
the  relative  weights  of  the  individual  atoms,  is  only 
an  hypothesis,  for  which  we  have  no  further  proofs. 

One  atom  of  cinnabar  contains  16  of  sulphur  to  100 
of  mercury  ;  now  cbemists,  in  assuming  that  these 
proportions  express  the  relative  weight  of  one  atom  of 
mercury  and  one  atom  of  sulphur,  pass  from  experi- 
mental certunty  into  hypothesis  ;  for  this  mode  of 
representation  is  merely' hypothetical.  100  of  mercuiy 
may,  for  aught  we  know  to  the  contrary,  represent 
the  weight  of  two,  three,  four,  or  more  atoou.   Should 
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it  repreaent  two  atoms,  one  atom  of  mercury  would  be 
ezpresEed  bj  50  ;  should  it  represent  three  atoma, 
one  atom  would  be  expressed  }>j  33-3.  In  the  first 
case  cimiabar  would  conust  of  two  atoms,  twice  50, 
in  the  latter  case  of  three  atoms,  thrice  333  <^ 
mercury,  to  one  atom  of  solphur. 

WhateTer  mpposition  we  may  entertain  in  this 
respect,  whether  we  assome  the  composition  of  cin- 
nabar to  require  two,  three,  or  more  atoma  of  mercury 
or  sulphur,  its  constitution  remuna  inTariably  the 
same.  It  is  only  the  method  by  which  wo  represent 
the  composition  of  a  chemical  compound  to  our  minds, 
which  would  vary  with  the  hypothetical  view  respecting 
the  number  of  atoms  contained  in  the  compound.  It 
will  always  be  most  advisable  to  buiish  all  that  is 
hypothetical  fffxa  the  symbolic  language  of  chemistry, 
more  especially  as  the  only  pnrpoae  of  this  language 
is  to  demonstrate  to  our  senae  of  aight,  to  render  easy 
of  apprehension,  and  to  facilitate  the  recdlection  of, 
the  compositiona,  subatitntions,  tranamutations,  and 
deoompoaitions  of  chemical  combinations.  The  method 
of  representing  the  constitution  of  compound  sub- 
atancea  ought  never  to  be  used  for  ezpreasing  unsettled 
and  mutable  notiona  or  apeculatire  theoriea.  The 
number  of  the  equivalenta  of  the  conatitnenta  of  a 
chemical  compound  is  invariable,  and  strictly  definable, 
bat  the  number  of  atoms  necessary  to  make  np  an 
eqnivalent  will  never  be  ascertained.  There  ia  not, 
however,  the  alighteat  diaadvantage  in  aaauming  that 
the  equivalents  represent  the  weights  of  the  atoms 
themselves  in  cases  where  theoretical  considerations, 
the  mere  explanation  of  ideas,  ia  concerned.  In  this 
aenae  those  numbers  express  merely  the  difference 
between  the  weights  of  various  atoms  ;  that  ia,  by 
how  much  the  weight  of  the  atom  of  one  body  is 
heavier  than  that  of  another. 

The  numbers  in  the  table  given  at  p.  87  refer  to 
the  relative  weights  required  to  replace  I  port  by 
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weight  of  hydrogen,  or  to  tbo  repIaoemeDt  of  the 
veight  of  oiygen  which,  in  water,  U  combined  with 
1  part  of  hydrogen.  Water  contains  8  parte  by  weight 
«f  oxygen,  to  1  part  by  weight  of  hydrogen.  Upon 
the  Bupposition,  then,  that  water  conBists  of  a  single 
atom  of  oxygen,  combined  with  a  single  atom  of 
hydrogen, — and,  further,  that  in  every  conceivable 
combination  into  which  these  elements  may  enter,  the 
replacement  of  one  atom  of  hydrogen,  or  one  atom  of 
oxygen,  invariably  requires  one  atom  of  any  other 
body,  and  nuther  more  nor  less, — then  these  equi- 
valent weights  of  all  other  bodies  express  their  atomic 
weights,  and  the  numbers  by  which  they  are  repre- 
sented at]  refer  to  the  assumed  unit,  to  I  part  by 
weight  of  hydrogen,  or  8  parts  by  weight  of  oiygen. 
If  we  multiply  all  these  equiTalent  numbers  by  12'5, 
we  obtain  the  equivalent  numbers,  \2-5  for  hydrogen 
ftnd  100  for  oiygen  ;  and  the  other  numbers,  repre- 
senting the  equivalents  of  other  bodies,  express  the 
amount  of  each  which  is  required  to  replace  100  of 
oxygen  or  12-5  of  hydrogen.  The  multiplication  of 
the  equivalents  by  one  and  the  same  number  does  not, 
of  course,  alter  their  relative  proportions,  and  it  is, 
therefore,  quite  immaterial  whether  we  use  numbers 
referring  to  hydrogen  as  a  unit,  or  to  oxygen  as  100. 


AccoRDiNQ  to  the  theory  which  I  have  attempted  to 
develope,  the  ultimate  parUcIes  of  bodies,  or  atomt, 
must  occupy  a  certain  space,  and  possess  a  certain 
definite  form.  By  their  combination  with  each  other, 
compound  atoms  are  formed,  which  may  occupy  an 
equal  or  a  larger  space  than  the  simple  atoms  of 
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which  they  tie  made  up,  taken  together,  in  their 
unooQibiDed  state.  The  form  of  such  compound 
atoms,  it  ia  evident,  must  vary  with  their  composi- 
tion, or  according  to  the  manner  of  arrangement  of 
their  elements.  It  is  only  in  crystalli sable  bodies, 
however,  the  smallest  molecules  of  which  only  have 
a  definite  form  comiug  within  the  reach  of  our  cog- 
nisance, that  we  can  perceive  the  relation  between 
the  form  of  the  particles  of  bodies  and  their  chemical 
constitution.  These  relations  have  been  observed, 
and  very  interesting  investigations  have  been  instituted 
upon  this  subject. 

When  two  salts  of  different  crystalline  forma 
se[)arate  from  the  same  fluid  upon  its  evaporation, 
the  crystals  of  one  salt  are  formed  precisely  as  they 
would  be  were  the  other  salt  not  present  in  the  fluid. 

If  we  throw  a  handful  of  saltpetre  and  common 
culinary  salt  together  into  a  sufficient  quantity  of 
water,  both  salts  dissolve  in  the  water.  Upon 
placing  the  solution  in  a  warm  place  the  water 
gradually  evaporates,  and  the  two  salts  remain  at 
the  bottom  of  the  vessel  in  the  form  of  crystals,  and 
we  can  distinguish  with  the  naked  eye  tiie  cubes  of 
the  common  salt  from  the  long  six-tided  prisms  of 
t^e  nitre.  If  we  remove  a  crystal  of  the  common 
Bait  from  the  solution,  and  wash  off  the  adhering 
fluid  from  its  surface,  we  find  that  it  contains  not  the 
slightest  trace  of  the  saltpetre,  and  on  the  other  hand 
the  crystals  of  saltpetre  retain  not  the  slightest  trace 
of  common  salt. 

Both  crystals  are  formed  simultaneously  in  one  and 
the  same  fluid,  and,  therefore,  the  inference  is  obvious 
that  the  atoms  of  common  salt,  in  aggregating  into 
crystals,  attracted  only  atoms  of  common  salt,  whilst 
the  atoms  of  the  saltpetre  attracted  only  their  own 
kind.  When  all  the  water  of  the  solution  has  been 
removed  by  evaporation,  there  will  remain  a  mingled 
mass  of  common  salt  and  saltpetre  ;  but  the  iadivi- 
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doa]  crystals,  Kowever  intimatelj  inlermiied,  will 
remain,  perfect!;  and  diBtiuctl;,  either  commoQ  salt 
or  saltpetre. 

Again,  if  Bulphate  of  magneua  &iid  nitrate  of 
potUB  (saltpetre)  be  added  to  a  small  proportion 
of  hot  water,  and  the  saturated  st^ution  decanted, 
crystals  of  nitrate  of  potass  and  of  sulphate  of 
magnesia  will  form,  during  the  refrigeration  of  the 
solution,  ude  bj  side  ;  but,  as  in  the  former  case, 
the  individual  crystals  of  sulphate  of  magnesia  contain 
no  nitrate  of  potass,  and  the  indiTiduoI  crystals  of 
nitrate  of  potass  contain  no  sulphate  of  magnesia. 
The  atoms  of  these  substances  had  no  kind  of  attract 
^on,  respectiTelj,  for  the  atoms  of  the  other  ;  on  the 
contrary,  we  conclude  that  there  must  exist  some 
species  of  repulsion  between  them  both  ;  for,  if  it 
were  not  so,  surety  the  atoms  of  the  saltpetre  and 
common  salt,  or  sulphate  of  magnesia,  would  not 
merely  form  side  by  aide,  but  would  completely 
intermii  and  crystallise  in  alternate  layers. 

It  is  altogether  different  with  sulphate  of  magnesia 
and  sulphate  of  nickel,  or  sulphate  of  sine.  When 
sulphate  of  magnesia  and  sulphate  of  ziuc,  or  sulphate 
of  nickel,  crystallise  together  from  the  same  solution, 
the  separatiou  of  the  two  substances,  as  in  former 
instances,  does  not  take  place.  The  individual 
crystals  formed  will  contain  both  sulphate  of  zinc 
and  sulphate  of  magnesia,  or  sulphate  of  nickel  and 
eolpbato  of  magnesia,  and  this  in  every  poseible 
proportion,  according  to  the  relative  amount  of  the 
two  salts  present  in  the  solution.  This  manifests  the 
existence  of  a  mutual  attraction  between  the  atoms  of 
these  substanees,  which  attraction  is,  in  each  salt 
respectively,  perfectly  analogous  to  the  attraction  of 
the  other  ;  for  an  atom  of  solphste  nf  zinc  attracts 
indiscriminately  another  atom  of  the  same,  or  an 
atom  of  sulphate  of  magnesia  ;  and  there  is  no  selec- 
tion made  between  the  different  atoms,  as  happens 
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If  ne  compare  a  ciysUl  of  sulphate  of  magnesia 
with  a  crystal  of  sulphate  of  nickel,  we  find  that  the; 
have  identically  the  same  crjBtalline  form.  The 
crystal  of  sulphate  of  magnesia  looks  like  a  white 
Btjphate  of  nickel ;  the  sulphate  of  nickel  like  a 
green  sulphate  of  magnesia.  There  is  no  difference 
'  in  their  forms,  no  perceptihle  distinction  in  their 
edges,  angles,  or  solid  angles,  between  the  two 
crystals.  Now,  since  a  targe  crystal  differs  from  a 
small  one  only  by  its  coesistiug  of  an  aggregation  of 
smaller  cryetals,  it  is  evident  that  the  most  minute, — 
the  tdtimale  atom  of  sulphate  of  nickel,  must  neces- 
sarily have  the  same  form  aa  the  most  minute  atom 
of  sulphate  of  magnesia.  Or,  in  other  words,  the 
group  (^  elementary  atoms  which  are  united  to  form 
an  atom  of  sulphate  of  zinc  or  sulphate  of  nickel,  has 
the  same  form  as  the  group  constituting  one  atom  of 
sulphate  of  magnesia  ;  the  crystal  in  which  both 
are  united  side  by  side,  and  in  alternate  layers, 
possesses  the  form  characteristic  of  both  or  either 
of  its  components. 

Bat  more  extended  obserratious  hare  proved  that 
the  analogy  between  the  crystalline  forms  of  two 
substances  is  not  the  only  eauso  of  thur  crystalliMOg 
together,  or  of  the  form  of  those  crystals,  wherein 
two  salts  are  mixed,  being  the  same  at  the  form  of 
their  constituents. 

Thus,  a  crystal  of  sal  ammoniac  possesses  the  same 
geometrical  form  as  a  crystal  of  alum,  hut  these  salts 
separate  unmixed  from  solutions ;  the  crystals  of 
alum  which  are  formed  contain  no  sal  ammoniac,  and 
the  crystals  of  sal  ammoniac  no  alum.  This  hap- 
pens, eridently,  because  the  force  with  which  alum 
atoms  attract  alum  atoms,  and  sal  ammoniac  atoms 
sal  ammoniac  atoms,  is  far  greater  than  the  power 
of  attraction  which  operates  between  atoms  of   sal 
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ammoniAc  and  atoms  cf  alum,  notwithstanding  the 
ideotUj  of  their  cryBtelline  forma.  Indeed,  oa  far 
as  our  obaenratioQ  estenda,  do  auch  attraction  in  thia 
oase  exists. 

If  we  colnpare  the  chemical  constitutioa  of  those 
compounda  which,  notwitliBtaiidiiig  the  identity  of 
tb^  or^ratalline  forms,  yet  do  not  crjstalliae  in 
alternate  layers  or  in  mixed  crjatala,  with  the  con- 
stitution of  those  substancea  which,  under  similar 
citcamstaaces,  enter  into  the  same  crystal,  we  find 
that  the  composition  of  the  former  ia  altogether 
diverBe,  whilst  the  compoflition  of  the  latter  ia 
analogous  in  ererj  respect.  Thus,  Bulpfaate  of 
magueeia,  sulphate  of  zinc,  and  sulphate  of  nickel, 
contain  exactly  the  same  number  of  ctnupound  atoms ; 
indeed,  a  crystal  of  sulphate  of  magnesia  differa  from 
a  crystal  of  sulphate  of  linc  or  sulphate  of  nickel, 
only  jnaBmucb  as  the  two  latter,  instead  of  one  equiva- 
lent or  atom  of  magnesium,  contain  one  atom  of  nickel 
or  of  zinc  ;  ho  that  we  may  convert  one  into  the  other 
by  separating  the  metallic  equiTaieot  of  one  salt  by, 
and  replacing  it  with,  another.  The  atom  of  sal 
ammoniac  contains  only  two  compound  atoms,  whilst 
the  atom  of  alum,  although  of  the  same  crystalline 
form,  ia  made  np  of  thirty  compound  atoms.  It  is 
impossible  to  imagine  a  more  dissimilar  constitution, 
and  these  substances  do  not  form  mixed  crystals 
when  crystallised  at  the  same  time  from  the  same 
solution. 

Very  nomerons  experunents  and  inreatigations  have 
proved  that  analogy  of  chemical  ooostitution  in  two 
bodies  is  generally  attended  with  an  analogous  orya- 
talline  form,  and,  moreorer,  that  two  compounds 
poBaeaaing  the  same  form  of  crystallisation,  and 
separating  together  from  solutions  in  mixed  crystals 
having  the  same  geometrical  form  as  either  substance 
by  itself,  have  for  the  most  part  a  strictly  analogous 
constitution  ;  that  is,  they  contain  tbe  same  number 
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of  atoms,  or  equivalents,  arranged  in  the  samo 
manner. 

In  cases  where  two  salts,  of  diBstmilar  ciTStaltine 
forms,  crystallise  together,  we  inTarlablj  find  the  form 
of  the  mixed  crystal  is  similar  to  the  form  of  one  of 
the  two  salts,  and  its  composition  is  analogous  to  that 
of  the  salt,  the  form  of  which  it  has  taken.  Tbns, 
from  a  mixed  solution  of  sulphate  of  copper  and  sul- 
phate of  line,  two  salts  of  different  forme  and  dis- 
similar composition,  we  obttun,  by  evaporation,  mixed 
crystals,  possessing  either  the  form  of  sulphate  of 
copper  or  that  of  sulphate  of  zinc,  as  the  one  or  the 
other  predominates  in  the  solution  ;  and  we  find  that 
the  constitution  of  the  former  is  similar  to  sulphate  of 
copper,  and  of  the  latter  to  sulphate  of  zinc. 

The  most  striking  illustrations  of  the  fact  that  the 
similarity  of  the  crystalline  forms  of  many  componnds 
is  entirely  independent  of  the  diversity  of  their  elements, 
are  afforded  by  a  group  of  salts  called  alums,  by 
which  term  we  designate  compounds  possessing  a  con- 
stitution similar  to  that  of  common  alum.  The  con- 
stituents of  this  latter  substance  are  sulphuric  acid, 
alumina,  potass,  and  water ;  it  crystallises  in  large 
and  regular  octahedrons.  Now,  we  may  separate  the 
alumina  from  this  slum,  and  repbce  it  by  an  equiva- 
lent of  sesquioxide  of  iron,  oiide  of  chromium,  or 
sesquioxide  of  manganese,  without  cansing  any  other 
alteration  in  its  compositjon  or  form.  The  iron  alum, 
which  contains  peroxide  of  iron  instead  of  alumina,  is 
colourless,  and  hy  its  eitemal  appearance  is  not  to  be 
distinguished  from  the  original  alumina  alum  ;  and 
the  chromium  and  manganese  alums  do  not  differ  from 
ordinary  alum,  eicept  in  colour,  the  former  being  of 
a  dark  green,  hy  reflected,  a  deep  red  hy  transmitted 
light,  the  latter  of  a  violet  hue. 

If  a  crystal  of  chrome  alum  is  thrown  into  a  cold 
saturated  solution  of  common  or  alumina  alum,  the 
atoms  of  the  latter,  separating  during  the  gradual 
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evaporation  of  tlie  water,  will  diapoM  themselTes  upon 
the  surfaces  of  tbe  crjstal  of  chrome  alum.  If  the  crjBtal 
be  turned  every  daj  so  as  to  insure  an  nnifbrm 
increase  upon  its  several  faees,  a  regular  octahedron 
of  white  and  transparent  alumina  alum  will  be 
obtained,  having  in  ita  centre,  as  a  nucleus,  a  regular 
octahedron  of  chrome  alum,  of  a  deep  ruby  red  by 
transmitted  light. 

In  the  same  manner  we  maj  separate  the  sulphuric 
acid  from  the  alum,  and  replace  it  hj  chromic  acid,  or 
selenio  acid,  both  acids  possessing  a  constitution  per- 
fectly analogous  to  sulphuric  acid. 

We  may  also  substitute  soda  or  ammonia  (oxide  of 
ammonium)  for  potass  in  the  alum,  without  altering 
its  form  of  crjEtallisation ;  and  experience  has  proved, 
that  not  only  in  this  instance  of  the  alum,  but  in  all 
cases  where  alumina,  peroxide  of  iron,  oiide  of  chro- 
mium, peroxide  of  manganese  or  sulphurio  acid, 
chromic  acid,  and  selenic  acid,  or  potass  and  ammonia, 
replace  each  other  in  compounds,  the  form  of  the 
new  compound  is  the  same  as  that  of  the  original 
compound.  It  is  only  in  cases  where  a  new  constitu- 
ent, in  consequence  of  these  substitutions,  is  added, 
or  one  of  the  original  constituents  is  separated,  that 
we  find  the  form  of  the  resulting  crystal  different 
from  the  first,  because  the  composition  in  that  case 
becomes  altered. 

Chemists  have  at  length  become  acquainted  with 
all  those  substances  which  replace  each  other  in 
analogous  combinations  without  changing  the  form  of 
crystallisation,  and  have  arranged  them  into  groups. 
These  bodies  have  received  the  appropriate  designation 
of  isomorphous  (similifonn).  Thus,  we  denominate 
chlorine,  bromine,  iodine,  cyanogen,  fluorine,^ — or, 
again,  lime,  magnesia,  protoxide  of  iron,  protoxide  of 
manganese, — isomorphous  :  by  which  we  mean  that 
those  of  their  compounds  which  are  analogous  in  con- 
stitution have  the   same  crystalline  form,  and  that 
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these  Bubstonces  are  capable  of  replacing  each  other 
in  combinations  without  altering  the  form  of  their 
crystals.  You  nill  find  no  difficdty  in  understanding 
that  a  crystal  of  alum  maj  contain  peroxide  of  iron 
and  alumina,  or  potass  and  ammonia,  in  perfectly 
indeSaite  and  variable  proportionB,  without  ceasing 
oa  that  account  to  be  a  crystal  of  alum,  or  to  be 
considered  one.  It  is  involved  ia  the  characteristio 
property  of  iaomorphoua  aubstaaeea  not  to  replace 
each  other  in  certain  definite  and  immutable  propor- 
tions, but  ID  all  possible  proportione.  This  appeared 
at  first  sight  to  stand  opposed  to  the  uniTersality  of 
the  acknowledged  laws  of  fixed  and  constant  com- 
bining proportions.  But  the  knowledge  of  the 
ultimate  cause,  that  is.  of  the  analogous  form  and 
like  attraction  of  the  particles  of  isomorphous  bodies, 
explains  it  in  the  most  simple  and  satisfactory  manner. 
This  beautiful  discovery,  made  by  a  (lennan  philo- 
sopher, Mttscheriich,  has  the  most  important  and 
significant  bearings  upon  mineralogy.  When  attempt- 
ing to  arrange  minerals  according  to  their  constituents 
and  composition,  innumerable  difficulties  and  per- 
plexities arose.  The  most  conscientious  chemists 
contradicted  each  other  as  to  the  components  of 
minerals  presenting  the  most  characteristic  properties. 
Thus,  while  one  found  in  the  garnet  of  Arendal 
above  13  per  cent,  of  magnesia,  this  was  wholly  want- 
ing in  the  garnets  of  Fahlun,  of  VesuTius,  ibc.  In 
the  noble  garnet,  analysts  detected  27  per  cent,  of 
alumina,  whilst  not  a  trace  of  this  substance  was 
found  in  the  yellow  garnet  of  Attenau.  What,  then, 
are  the  constituents  of  garnet  ?  Of  what  substance 
is  it  composed  ?  This  is  now  explained  in  a  very 
simple  manuer.  Where  there  was  no  alumina  the 
isomorphous  peroxide  of  iron  was  found  ;  where  the 
magnesia  was  absent,  the  isomorphous  lime  was  fonnd. 
It  became  evident  that  garnet  contains  varying 
amounts  of  bomorphous  oxides,  such  as  peroxide  of 
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iron  and  alumina  or  lime,  protoxide  of  iron  or  prot- 
oxide of  manganese,  irliich  are  capable  of  replacing 
each  other  without  altering  the  form  of  the  resulting 
compound. 

More  minute  and  accurate  admeaeurementa  of  the 
^stals  have,  however,  subsequently  shown  that  the 
eimilar  combinations  of  iaomorphona  auhBtancee  have 
not  invariably  the  same  form  exactly, — that  the  angles 
which  the  sides  of  the  cryatals  form  with  each  other 
ore  not  identically  the  same.  Such  crystals  are  called 
plesiomorphous.  One  of  the  most  cogent  arguments 
for  the  BoundneBS  of  our  views  respecting  the  existence 
of  atoms  is,  that  these  deviations  are  explicable  upon 
certain  considerations  attaching  to  the  Jitomio  theory. 

Let  us  ima^ne  a  crystal  £rmed  by  the  arrange- 
ment, side  by  side,  of  atoms,  each  of  which  posseBsea 
a  certain  ahape,  and  the  form  of  the  crystal  to  be  de- 
pendent upon  the  form  of  its  constituent  atoms.  For 
inatance,  alum.  The  alumina  atom  will  occupy  a 
certun  definite  space  within  the  atom  of  alum.  If 
we  remove  the  atom  of  alumina  from  this  crystal  and 
Bubatituie  in  ita  stead  an  atom  of  peroxide  of  iron,  the 
crystal  of  alum  will  retain  its  original  geometrical  form, 
if  the  atom  of  peroxide  of  iron  has  the  same  form  as 
the  atom  of  alumina.  But  the  form  of  the  crystal  of 
alum  will  remain  absolutely  the  same  only  if  the  per- 
oxide of  iron  atom  is  of  exactly  the  same  si^e, — if  its 
volume  be  identical  with  the  volume  of  the  atom  of 
alnmina.  But  wherever  the  atom  of  the  isomorpbous 
body  does  not  exactly  fill  the  space  occupied  by  the 
atoms  to  be  displaced— -{.  e.,  if  its  volume  be  smaller 
or  larger— this  will  manifest  itself  in  the  inclination 
of  the  edges  of  the  crystal  towards  its  axis. 

A  very  ingenious  method  has  been  devised  for 
enabling  us  to  compare  the  apace  which  the  atoms  of 
two  isomorpbous  substances,  replacing  each  other  in  a 
combination,  occupy.  Every  one  knows  that  equal 
volumes  of  solid,  fluid,  and  gaseous  aubatances  difier 
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very  muoh  in  weight.  We  quite  ioToluDtari]  j  compare 
the  relatire  Bpace  which  a  jnece  of  wood  and  a  piece 
of  lead  of  equal  weight  occupy,  bj  saying  that  the 
wood  is  lighter  than  the  lead.  A  pound  of  wood 
weighs  exactly  as  much  as  a  pound  of  lead,  but  a  cnbic 
inch  of  lead  weighs  more  than  eleven  times  heavier 
than  a  cubic  inch  of  wood.  This  difference  of  weight 
between  equal  volumes  of  different  Bubstancea  has 
been  eiamined  with  great  accuracy,  and  expressed  iu 
numbers.  The  designatjon  tpecific  gTOttilies  is  ^ven 
to  these  nnmberB.  Now,  in  order  to  compare  the 
aitoUtte  toetght  of  two  substanceB,  we  ascertain  how 
many  times  a  definite  and  known  unit  of  weight,  as  a 
pound,  for  example,  is  contained  in  the  mass  of  each, 
without  any  regard  to  their  volume  ;  and  it  has  been 
agreed  in  lilte  manner  to  determine  the  specific  weights 
or  gravities  of  substances  by  means  of  a  unit  of  weight 
of  a  definite  and  known  volume.  How  vuch  a  given 
volume  of  any  substance  is  heavier  than  an  equal 
volume  of  another  substance,  is  expressed  by  numbers 
referring  to  the  weight  of  an  equal  volume  of  water. 
The  weight,  then,  of  a  ^ven  volume  of  water  is 
adopted  as  the  standard, — the  unit  of  the  specific 
gravities  of  all  other  substances.  The  number,  there- 
fore, designating  the  specific  gravity  or  weight  of  a 
substance,  expresses  how  many  times  heavier  or  hghter 
than  an  equal  volume  of  water  is  a  given  volume  of 
the  substance  ;  that  is,  how  many  times  the  weight  of 
the  onit  is  contained  therein. 

In  order  to  ascertain  the  absolute  weight  of  any 
substance,  we  place  it  upon  one  scale  of  the  balance, 
and  upon  the  other  scale  we  place  as  many  units  of 
weight  (pounds  or  ounces,  for  example,)  as  will  restore 
the  perfect  equilibrium  of  the  balance.  It  is  quite  im- 
material whether  these  units  of  weight  consist  of  lead, 
iron,  platinum,  wood,  or  any  other  substance.  Let  us 
suppose  that  instead  of  iron,  or  other  metallic  weight, 
we  had  a  pound  or  an  ounce  weight  of  water.     If  we 
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place  the  snbstanfte,  the  weight  of  which  we  wieh  to 
asoertain,  ufon  one  scale,  and  as  much  water  as  will 
restore  the  equilibrium  of  the  balance  perfectly  ia  the 
other,  we  obtain  the  weight  of  the  substance  repre- 
sented in  pounds  or  ounces  of  water.  If  we  now  com- 
pare  the  volume  of  the  Bubetance  under  examination 
with  the  space  occupied  hj  an  equal  weight  of  water, 
we  know  at  once  and  with  accuracy  how  much  more 
or  less  apace  an  eqaal  weight  of  wat^  occupies  than 
the  eqnal  weight  of  the  weighed  substance  ;  in  other 
words,  we  ascertain  its  specific  gravity. 

Thus,  if  we  place  upon  one  scale  of  the  balance  a 
cubic  inch  of  iron,  we  require  on  the  other  scale  7i 
cubic  inches  of  water  to  restore  perfectly  the  equili- 
brium. One  cubic  inch  of  water,  therefore,  ia  7i 
times  lighter  than  a  cubic  inch  of  iron,  one  cubic  inch 
of  iron  is  7]  tunes  heavier  than  a  cabic  inch  of  water.* 

If  we  plao*  upon  one  side  of  the  balance  1 00  given 
volumes  <rf  oil  of  turpentine,  and  upon  the  other  as 
much  water  as  is  required  to  restore  the  equilibrium 
of  the  balance  perfectly,  and  then  measure  this  water, 
it  will  be  found  that  86  Tolumes  of  the  water  are  as 
heavy  as  the  100  volumes  of  oil  of  turpentine,  or  86 
volumes  of  oil  of  turpentine  occupy  the  same  space  as 
100  volumes  of  water ;  or  again,  as  we  may  also 
express  it,  a  given  measure  of  oil  of  turpentine  weighs 
only  -^^  of  an  eqnal  volume  of  water, 

*  It  mij  he  well  to  mntioD,  <n  pauant.  In  whit  muner  ire 
urartun  ihs  volnme  of  inch  «ab«»nce»  u  einnot  be  meuured  by 
Dili  Qtdiouy  inttrumeata,  u.  Tor  eiBipplB,  land.  The  valume  of 
(and,  or  of  gimllar  BuhBtnncei,  msy  be  deieimuied  wilb  the  gretlcM 
accuracy  by  tbe  fallowing  method  :—TskB  i  glau  tube,  earefully 
gT^nated,  to  denote  its  cipAdty  in  cubic  inchei,  erery  cubic  inch 
being  igiin  divided  into  100  pwta.  Fill  thit  tuba  to  half  il> 
capacity  with  water,  and  project  into  it  a  weighed  amount  of  nod, 
01  of  the  >ub>tan«  under  examination.  The  water  will  rise  in  the 
tube.  Tie  difference  ia  the  level  of  the  water  thas  produced 
indicate!  exactly  thefolunMortbe  undin  cnMc  incliei,  and  y^tbi 
of  a  cable  incli. 
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The  Dumbers  7'75  for  the  specific  gravity  of  iroDt' 
11-3  for  lead,  1989  for  sulphur,  4498  for  todiDe, 
1-38  for  fluid  chlorine,  Bcarcely  require  any  farther 
explanstion  ;  they  eipress  how  many  times  iron,  lead,- 
sulphur,  iodine,  fluid  chlorine,  weigh  more  than  an 
equal  Tolume  of  water.  The  difference  in  weight 
between  two  equal  volumea  of  sulphur  and  iron,  for 
esample,  presents  relations  precisely  analogous  to  the 
difference  between  the  numbers  1-989  and  7-75  ;  that 
between  equal  volumes  of  iodine  and  chlorine  is  like 
that  of  the  numbers  4-948  and  1  -380,  and  so  with  tb» 
others. 

The  difference  of  weight  between  two  Bubatances  of 
equal  volumes  remains,  of  course,  invariably  the  sauie,. 
however  minute  or  extensive  one  may  assume  these 
volumes  to  be.  Whenever  the  amount  of  the  rolume 
of  one  body  is  increased  or  decreased, — as,  for  instance, 
doubled,  the  relative  proportion  must  «tiU  be  pre- 
served in  the  numbers  expressive  of  the  speciflo 
gravities.  The  difference  of  weight  between  two 
cubic  inches  of  iodine  and  one  cubic  inch  of  fluid 
chlorine,  is  expressed  by  2  X  4'948=9-S96  and 
1-380,  &e. 

Now,  it  will  be  obvious  to  you  that  there  is  some 
caute  upon  which  this  difference  of  weight  between 
equal  Tolumes  of  different  substances  depends,  and 
this  cause  is  Tery  satisfactorily  explained  npon  the 
theory  of  the  constitution  of  bodies  which  we  have 
adopted.  According  to  this  view,  every  substance 
consists  of  an  aggregation  of  ponderable  particles,  or 
atoms,  each  of  which  occupies  a  certain  apace,  and 
possesses  a  certain  definite  form. 

Our  knowledge  of  isomorphous  bodies  establishes 
indisputably  the  fact  that  their  mutual  substitution  in 
combinations,  without  changing  the  crystalline  form  of 
the  compound,  depends  upon  the  circumstance  that  their 
respective  atoms  possess  one  and  the  same  form  and 
size.     Wbenarer  the  ciystalline  form  of  a  compound 
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is  altered  by  sntiBtitatiog  one  element  for  another,  we 
may  be  aesured  that  the  alteration  in  the  form  of  the 
crystal  is  in  consequence  of  the  atoms  of  the  replacing 
body  having  another  form  than  the  atom  of  the  sub- 
Btauce  replaced,  or  its  not  occupying  the  same  space 
in  the  combination.  These  facts,  taken  in  connection, 
lead  us  to  the  conclusion  that  the  ultimate  particles  of 
bodies  which  we  denominate  atoms  are  of  uneqaal 
magnitude  or  nnequal  weight.  If  we  once  admit  this 
Goncluson,  it  eiplaina  the  specific  gravity  of  bodies  in 
a  very  simple  and  satisfactory  manner.  The  reason, 
according  to  these  preliminary  data,  that  a  given 
volome  of  lead  is  heavier  than  on  equal  volume  of 
iron,  iron  heavier  than  sulphur.  Iodine  heavier  than 
an  equal  volume  of  chlorine,  must  be  either  that  the 
atom  of  iodine  is  heavier  than  tbe  atom  of  chlorine, 
&c.,  or  that  a  portion  of  lead,  for  instance,  contains  in 
the  same  buTk  a  greater  number  of  atoms  than  iron. 

Let  us  suppose  an  equal  number  of  atomB,  say  1000, 
of  iodine  or  chlorine,  to  be  comprised  within  the  space 
of  one  cubic  inch,  it  is  obvious  that  the  specific  gra- 
vities of  these  two  substances  express  the  difference 
of  weight  between  their  respective  atoms.  If  the 
cobic  inch  of  iodine  weighs  4948  grains,  and  tbe 
cubic  inch  of  chlorine  1380,  then  y^^th  of  tbe  cubic 
inch  of  iodine,  containing  one  atom  of  iodine,  would 
weigh  4'948,  and  tcW'^  "f  *  cubic  inch  of  chlorine, 
containing  one  atom  of  chlorine,  would  weigh  1*380 
grains. 

Chlorine  and  iodine  replace  each  other  in  chemical 
compounds  according  to  their  equivalents,  that  of 
chlorine  being  35'4,  that  of  iodine  136.  Moreover, 
they  are  isomorphous  substances ;  that  is,  they  replace 
each  otherin  compounds  of  anal  t^us  constitution,  with- 
out change  in  tbe  crystalline  form.  If  we  now  assume 
their  atoms  \o  be  of  the  same  size  and  the  same  form, 
and  if  in  equal  volumes  of  iodine  and  chlorine  an  equal 
number  of  atoms  of  these  substances  are  contained. 
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tbeir  specific  graTitiee  nmst  stand  in  the  Bame  relative 
proportion  to  each  otber  as  their  equivalent  numberB 
or  their  atomic  weights. 

Eiactly  l-380grainsof  chlorine  ought,  on  this  aup- 
positioD,  to  he  required  to  displace  and  replace  4'943 
grains  of  iodine.  A  simple  nile-of-three  calculation 
proves  at  once  that  this  is  really  the  caae.  The  num- 
bers which  represent  the  specific  gravities  of  chlorine 
and  iodine,  namely,  1'380  and  4948,  are  to  each 
other  in  the  same  proportion  aa  their  eqiuralent 
numbers,  35-4  and  126. 

This  remarkable  relation  has  been  found  to  extend 
to  all  isomorphouB  subatancea,  and  thua  a  physical 
property  of  bodies,  namely,  specific  gravity,  has  unex- 
pectedly been  drawn  into  the  sphere  of  chemical  phi- 
losophy. The  numbers  expressing  the  specific  gravities 
of  bodies  are  equally  erpresaive  of  the  relative  propor- 
tions in  which  they  replace  each  other  in  combinations  ; 
that  is  to  say,  identically  the  aame  proportions  which 
are  found  to  exist  between  their  equivalent  numbers. 
Whenever  there  is  found  to  bo  any  diversity  in  iso- 
morphoua  eubstances,  that  is,  whenever  the  specific 
gravities  do  not  exactly  correapond  in  this  respect 
with  their  equivalent  numbers,  the  difference  manifests 
itself  in  the  inclination  of  the  faces  of  their  cryetala  ; 
in  the  angles,  for  instance,  which  the  edges  form  with 
the  axis  of  the  crystal.  The  form  of  the  crystals  is 
identically  the  same  only  when  the  atoms  of  isomer- 
phouB  substances  replacing  each  other  have  the  same 
volume,  together  with  the  same/orm.  Whenever  the 
volume  of  the  replacing  atom  is  lesa  in  mi^itude 
than  that  of  the  displaced  atom,  this  will  be  perceptible 
in  the  form  of  the  resulting  cryataL 

In  order  to  compare,  by  means  of  numbers,  the 
volumes  which  the  atoms  of  different  substances 
occupy,  the  following  method  has  been  devised. 

Let  us  suppose  the  equivalent  numbers  to  be  real 
weights :  let  ne  assume,  for  instance,  the  number 
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35'4,  for  chlorine,  to  signifj  35-4  ounces  of  chlorine  ; 
the  number  126,  for  iodine,  126onnceB  of  iodine;  28, 
for  iron,  28  otiaoes  ;  29-6,  for  nickel,  29-6  ounces  of 
nickel ;  and  let  us  diride  each  of  these  numbers  by 
the  weight  of  one  cubic  inch  of  chlorine,  iodine,  iron, 
niokd,  or,  what  is  the  same  thing,  by  the  numherB 
representing  their  specific  weigbts. 

Assuming  one  cubic  inch  of  water  to  weigh  one 
ounce,  one  cubic  inch  of  chlorine  will  weigh  1*380 
ounces  ;  one  cubic  inch  of  iodine,  4-948  ounces  ;  one 
cubic  inch  of  iron,  7'790  ounces ;  one  cubic  inch  of 
nickel,  8-477  ounces.  Taking  these  numbers  (the 
specific  gravi^es)  as  the  divisors,  the  quotients  wilt 
represent  the  number  of  cubic  inches  of  cblorine, 
iodine,  nickel,  or  iron,  which  are  contained  in  one 
equivalent  of  each  of  these  substances.  In  other 
words,  we  are  informed  bj  the  resulting  numbers  how 
much  space  relatively  to  each  other  an  equivalent  of 
chlorine,  iodine,  nickel,  aud  iron,  respectively  occupies; 
or,  expressiDg  it  generally,  the  relative  proportion 
which  the  volume  of  bodies  bears  to  their  equivalenta 
or  atomic  weights. 

Now,  the  atoms  of  iHomorpbons  substances  are, 
according  to  our  supposition,  of  the  same  form  and  of 
equal  size, — their  number  is  equal  in  equal  volumes. 
If,  therefore,  there  are  exactly  the  same  number  of 
atoms  in  oneequivalentof  chlorine  as  in  one  equivalent 
of  iodine,  we  must,  by  dividing  their  atomic  weights 
by  their  specific  gravities,  necessarily  obtain  as  the 
quotient  the  same  number. 

The  atjimic  weight  of  chlorine,  35-2,  divided  by  its 
specific  gravity,  1*380,  gives  25  ;  and  the  atomic 
wei^t  of  iodine,  126,  divided  by  its  specific  gravity, 
4-948,  gives  us  precisely  tbe  same  number,  25. 

It  is  easy  to  perceive  that,  admitting  our  data,  it 
cannot  be  otherwise.  The  atomic  weights  or  equiva- 
lent numbers  of  isomorphous  bodies,  tntat,  when 
divided  by  the  number  representing  their  specific 
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gravitiea,  give  identically  the  same  quotient,  prfecisely 
because  they  conttun  in  equal  volumeB  an  equal  num- 
ber of  atoms  ;  and  if,  therefore,  these  atoma  are  not 
the  same  in  eise  and  form,  the  differencea  will  be 
manifested  in  the  quotients  obtained. 

A  knowledge  of  the  numbers  representing  the 
Tolumea  of  different  bodies  is  of  great  importance  in 
enabling  as  to  perceive  their  mutual  relations.  They 
hare  been  designated  by  the  terms  atomic  volumee  or 
ipeeifie  volumeg.  Thus  we  say  the  atomic  volume  of 
chlorine  ia  2d,  that  of  iodine  is  also  25  ;  both  the 
numbers  being  the  same,  the  substances  themselTes 
are  isomorpbous.  The  atomic  volume  of  sulphur  is  8, 
— very  different  from  that  of  chlorine,  with  which 
substance  sulphur  is  not  isomorphous  ;  but  it  is  the 
same  as  that  of  selenium,  with  which,  therefore, 
sulphur  is  isomorphous. 

The  accurate  determination  of  the  numbers  repre- 
senting the  atomic  volumes  of  subatances  is  of  the 
highest  importance,  since  they  enable  us  to  perceive, 
at  the  first  glance,  what  subetanCee  possess  an  equal 
or  unequal  number  of  atoms  in  equal  volumes  ;  and 
thus  their  mutual  relations  may  be  compared  and 
understood. 


Whek  we  would  apeak  of  the  progress  and  develop- 
ment of  modem  chemistry,  we  cannot  avoid  passing 
an  enlogium  on  the  means  and  implements  employed 
by  the  chemist  in  his  labours.  Without  glass,  cork, 
platinum,  and  caoutchouc,  we  should  probably,  at  this 
day,  have  advanced  only  half  aa  far  as  we  have  done. 
In  the  time  of  I<avoisier,  only  a  few,  and  those  very 
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rich  persons,  were  able,  on  account  of  tlie  coatlioeas 
of  apparatna,  to  make  chemical  researches. 

Brer;  one  ia  familiar  with  the  wonderful  properties 
of  glass.  TraDsparent,  hard,  colourless,  unchanged 
by  acids  and  most  other  liquids,  and,  at  certain 
temperatures,  more  plastic  and  flexible  than  wax, 
it  takes,  in  tbe  hands  of  the  chemist,  and  in  the 
flame  of  a  proper  iajnp,  the  form  and  shape  of  every 
piece  of  apparatus  required  for  his  eiperiments. 

What  precious  properties  are  combined  in  cork  ! 
How  little  can  any  but  chemists  appreciate  its  ralue 
and  recognise  its  good  qnaUties  t  We  might  cudgel 
our  brains  in  vain,  in  the  hope  of  replacing  cork,  as 
the  ordinary  means  of  closing  bottles,  by  any  other 
substance  whatorer.  Let  ua  imagine  a  soft,  highly 
elastic  mass,  which  nature  herself  has  impregnated 
with  a  matter  of  properties  resembling  wax,  tallow, 
nod  resin,  yet  dissimilar  to  all  of  these,  and  termed 
suberin.  This  renders  it  perfectly  impermoable  to 
fluids,  and,  iu  a  great  measure,  even  to  gases.  By 
means  of  corlc,  we  connect  wide  apertures  with  narrow 
ones  {  with  cork  and  caoutchone  we  connect  our 
vessels  and  tubes  of  glaaa,  and  construct  the  most 
complicated  apparatus  with  the  aid  of  the  brass- 
founder  and  the  mechanist,  of  screws  and  stopcocks. 
Thus  the  implements  of  the  chemist  are  cheaply  and 
easily  procured,  immediately  adapted  to  any  purpose, 
and.readily  repaired  or  altered. 

Without  platinum,  it  would  be  impossible,  in  many 
cases,  to  make  the  analysis  of  a  mineral.  The 
mineral  must  bo  dissolred,  and  it  must  be  first 
rendered  soluble,  or  prepared  for  solution.  Now, 
vessels  of  glass,  of  porcelain,  and  of  all  non-metallio 
anbstances,  are  destroyed  by  the  means  we  employ 
for  that  purpose.  Crucibles  of  gold  and  silver  would 
melt  at  high  temperatures.  But  platinum  is  cheaper 
than  gold,  harder  and  more  durable  than  silver,  in> 
fusible  at  all  temperatures  of  onr  furnaces,  and  is 
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left  int&et  bj  acidg  and  alkallDB  carbouateB.  PIa- 
tiDuoi  anites  all  the  valuable  properticB  of  gold  and 
of  porcelain,  resisting  the  action  of  heat,  and  of 
almost  all  chemical  agents. 

Aa  no  mineral  aiuljais  coold  be  made  perfectly 
without  platinum  TesBels,  had  ne  not  posaeBBed  this 
metal,  the  composition  of  minerals  would  have  yet 
remained  unknown  ;  without  cork  and  caoutchouc  we 
ehonld  have  required  the  costly  aid  of  the  meohaniciaa 
at  erery  step.  Even  without  the  latter  of  these 
adjuncta  our  iuBtruments  would  have  been  far  more 
coatly  and  fragile  ;  hut  the  chief  advantage  derived 
from  these  suhstancea  is  the  economy  of  our  time — 
to  uB  more  precious  than  money  ! 

Suoh  are  our  instruments.  An  equal  improvement 
has  been  accomplished  in  our  laboratory.  This  is  no 
longer  the  damp,  cold,  fireproof  rault  of  the  metal- 
lurgiflt,  nor  the  manufactory  of  the  druggist,  crowded 
with  stills  and  retorts.  On  the  contrary,  a  light, 
warm,  comfortable  room,  where  beautifully  constructed 
lamps  supply  the  place  of  furnaces,  and  the  pure  and 
odourless  flame  of  gas,  or  of  spirits  of  wine,  supersedes 
coal  and  other  fuel,  and  gives  ua  all  the  £re  we  need. 

To  these  simple  means  must  be  added  "  The 
Balance,"  and  then  we  possess  everything  which  is 
required  for  the  most  extensive  researchea. 

The  great  distinction  between  the  manner  of  pro- 
ceeding in  chemistry  and  natm'al  philosophy  is,  that 
one  weight,  the  other  Tneeuvret.  The  natural  philo- 
sopher has  applied  his  measures  to  nature  for  many 
centuries,  but  only  for  fifty  years  have  we  attempted 
to  advance  our  philosophy  by  weighing. 

For  the  great  discoveries  of  Laroiaier,  he  waa 
indebted  to  the  "  balance  " — that  incomparable  in- 
strument which  gives  permanence  to  every  obaerva- 
tiaa,  dispels  all  ambiguity,  eetahlishes  truth,  deteota 
error,  or  shows  us  that  we  are  in  the  true  path. 

The  balance,  once  adopted  as  a  means  of  invest- 
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gating  nature,  put  an  end  to  the  reign  of  Aristotle  in 
phjaica.  The  explanation  of  natural  phenomena  hr 
mere  fanciful  speculations,  gave  place  to  a  true 
natural  philosophy.  Fire,  air,  earth,  and  wat«r, 
could  no  longer  be  regarded  aa  elements.  Three 
of  them  conld  hencefortli  be  considered  only  as  signi- 
ficative of  the  formt  in  which  all  matter  exists. 
Everything  which '  exists  upon  the  surface  of  the 
earth  is  non,  as  it  was  formerly,  solid,  liquid,  or 
aeriform  ;  but  the  notion  of  the  elementarj  nature 
of  Air,  Earth,  and  Water,  so  unirersallj  held,  now 
fell  into  the  domun  of  history. 

Fire  was  found  to  be  but  the  visible  and  otherwise 
perceptible  indication  of  changes  in  the  forms  of 
bodies. 

Lavoisier  investigated  the  composition  of  the  at- 
mosphere and  of  water,  and  studied  the  many  won- 
derful ofGces  performed  by  an  element  common  to 
both  in  the  sclieme  of  nature,  namely,  oxygen:  and 
he  discovered  many  of  the  properties  of  this  ele- 
mentary gas. 

After  his  time,  the  principal  problem  of  chemical 
philosophers  was  to  determine  the  composition  of  the 
solid  matters  compoung  the  earth.  To  the  eighteen 
metals  previously  known  were  soon  added  thirty-two 
discovered  to  be  constituents  of  minerals,  The  great 
gulf  between  oxygen  and  the  metals  was  found  to  be 
filled  by  a  series,  gradually  passing  from  one  to  the 
other.  The  great  mass  of  the  earth  was  shown  to  be 
composed  of  two  or  more  oxidet,  of  fixed  and  invari- 
able composition  ;  of  compound  minerals,  consisting, 
on  the  one  hand,  of  metallic  oxides,  united,  on  the 
other,  with  oxides,  whose  radicals,  silicon  or  carbon, 
difiered  essentially  from  metal.  Another  less 
abundant  class  of  mioerals  consisted  of  compounds 
of  sulphur,  sulphurets,  or  sulphides,  in  which  sulphur 
played  the  part  of  the  oxygen  in  the  compound  oxides 
above  mentioned.     With  the  eiceptiou  of  one  chloride 
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(rack  Bait,  tbe  chloride  of  sodium,]  tbe  amount  of  the 
remaioiDg  mineral  compounds  in  thecrust  of  the  earth, 
such  as  fluorides,  arsenurets,  aelenuretB,  iodideB, 
&c.,  was,  in  comparison  to  that  of  the  oxides,  aul- 
phurets,  and  chloride  above  named,  quite  insignificant. 

Mineral  chemiatrj,  however,  was  not  Batiefied  with 
the  separation  of  minerals  into  their  component  ele- 
ments, t.  e.  their  analysis  ;  but  it  formed,  for  instance, 
bj  synthesis,  pumice-stone,  feldBpar,  mica,  iron 
pyrites,  &c.,  artificially. 

But  of  all  the  achieretnentB  of  inorganic  chemistry, 
the  artificial  formation  of  lapia  lazuli  was  the  most 
brilliant  and  tbe  most  conclusive.  This  mineral,  as 
presented  to  m  by  nature,  is  calculated  powerfully  to 
arrest  our  attention  by  its  beautiful  azure-blue  colour, 
ita  remaining  unchanged  by  exposure  to  air  or  to 
Are,  and  furnishing  us  with  a  most  valuable  pigment. 
Ultramarine. 

Ultramarine  was  dearer  than  gold ;  it  seemed 
impossible  to  form  it,  for  analysis  had  sought  in  vain 
for  the  colouring  ingredient.  It  was  shown  to  be 
composed  of  silica,  alumina,  and  soda,  three  colourless 
bodies,  with  sulphur  and  a  trace  of  iron,  neither  of 
which  are  blue ;  and  no  other  body  had  been  detected 
in  it,  to  which  its  colour  could  be  ascribed.  Yet,  now, 
simply  by  cambining  in  the  proper  proportions,  as 
determined  by  analysis,  silica,  alumina,  soda,  iron,  and 
eulpbur,  thousands  of  pounds  weight  ara  now  manu- 
factured from  these  ingredients ;  and  this  artificial 
ultramarine  is  even  more  beautiful  than  the  natural, 
while  for  the  price  of  a  single  ounce  of  the  latter  we 
may  obtain  many  pounds  of  the  former. 

With  the  production  of  artificial  lapis  lazuli,  the 
formation  of  mineral  bodies  by  syntbesis  ceased  to  be 
a  scientific  problem  to  the  chemist.  Whether  it 
should  ceaae  to  occupy  the  attention  of  geologists, 
who  can  doubt  ?  but  it  will  be  a  long  time  before 
geologists  make  up  their  minds  to  try  experiments, 
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which  are  no  longer  to  be  expected  from  chemists, 
because  thej  have  no  longer  a  scientific  interest  in 
them.  In  this  respect  there  is  n6  longer  a  question 
for  the  ohemist  to  solye. 

After  becoming  acquainted  with  the  constituent 
elements  of  all  the  substances  within  our  reach  and 
the  mutual  relations  of  these  elements,  the  remark- 
able transmutations  to  which  bodies  are  subject  under 
the  influence  of  the  vital  powers  of  plants  and  animals, 
became  the  principal  object  of  chemical  inTestigations, 
and  the  highest  point  of  interest.  A  new  science, 
inexhaustible  as  life  itself,  is  here  presented  us,  stand- 
ing upon  the  sound  and  solid  foundation  of  a  well- 
established  inorganic  chemistry.  Thus  the  progress  of 
science  is,  like  the  development  of  nature's  works, 
gradual  and  eipanaive.  After  the  buds  and  branches 
spring  forth  the  leaves  and  blossoms,  after  the  blos- 
soms the  fruit. 

Chemistry,  in  its  application  to  animals  and  vege- 
tables, endeavours  jointly  with  physiology  to  enlighten 
us  respecting  the  mysterious  processes  and  sources  of 
organic  life. 


Im  the  preceding  chapter  I  pointed  out  that  the 
elements  of  the  ancients  only  serve  as  symbols,  to 
represent  the  forms  or  states  in  which  alt  the  pon- 
derable matter  of  our  globe  eiists,  I  would  noiv 
observe  that  no  substance  poseesses  absolutely  any 
one  of  those  conditions  ;  that  modem  chemistry 
recognises  nothing  unchangeably  solid,  liquid,  or 
aeriform.  Platinum,  alumina,  and  rock  crystal,  it  is 
true,  cannot  be  liquefied  by  the  most  intense  heat  of 
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onr  fnrnacee,  but  they  mett  like  wax  before  tbe  flame 
of  the  oxjhydrogen  blowpipe.  On  the  other  haad, 
of  the  twentj-eight  gaseous  bodies  with  which  we  are 
acquainted,  twenty-fire  maj  be  reduced  to  a  liquid 
state,  and  nine  even  into  that  of  a  aolid.  Probably, 
ere  toog,  similar  changes  of  conditioD  will  be  extended 
to  every  form  of  matter. 

There  are  many  thiuga  relating  to  this  condensa- 
tion of  the  gaaea  worthy  of  your  attention.  Host 
aerifona  bodies,  when  subjected  to  compressioii,  are 
mado  to  occupy  a  apace  which  dimioishcH  in  the  exact 
ratio  of  the  increase  of  the  coTnpressing  farce.  Very 
generally,  under  a  force  double  or  triple  of  the 
ordinary  atmospheric  pressure,  they  become  one  half 
or  one  third  their  former  volume.  This  was  a  long 
time  eonaidered  to  he  a  law,  and  Jinown  as  the  law 
of  Marriotte  ;  but  a  more  accurate  study  of  the 
Bubject  has  demonstrated  that  this  law  is  by  no  means 
of  general  application.  The  volume  of  certain  ga»es 
does  not  decreaae  in  the  ratio  of  the  increase  of  the 
force  used  to  compress  them  ;  but  in  some,  a  diminu- 
tion of  their  hulk  takes  place  in  n/ar  greater  degree 
as  the  pressure  increases. 

Again,  if  ammoniacal  gas  is  reduced'  by  a  com- 
pressing force  to  oue-^xth  of  its  volume,  or  carbonic 
acid  is  reduced  to  one  thirty-sixth,  a  portion  of  tbem 
loses  entirely  the  form  of  a  gas,  and  becomes  a  liquid, 
which,  when  the  pressure  is  withdrawn,  assumes  again 
in  an  instant  its  gaseous  state, — another  deviation 
from  the  law  of  Uarriotte. 

The  means  employed  by  the  discoverer  (Faraday) 
for  reducing  gases  into  fluids  are  of  admirable 
simplicity.  A  simple  bent  tube,  or  a  reductioa  of 
temperature  by  artificial  means,  have  superseded,  in 
his  hands,  the  most  powerful  compressing  machines. 

The  cyanuret  of  mercury,  wben  heated  in  an  open 
glass  tube,  is  resolved  into  cyanogen  gas  and  mettuiic 
mercury  ;    if  this  substance  ia  heated  in  a  tube  her- 
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meticollj  sealed,  the  decmposition  occara  as  before, 
but  the  gaa,  unable  to  eseape,  and  abut  up  in  «  space 
seTerat  hundred  titnea  amsiller  than  it  would  occupy 
as  gM  under  tbe  ordinarj  atmospheric  pressure, 
beeiHnes  a  fluid  in  tbat  part  of  the  tube  which  la  kept 
cool. 

When  BolpfauTio  acid  is  poured  upon  limeatone  in  &n 
open  Teasel,  csrbonie  acid  escapea  with  eSerreacence 
as  a  gas,  but  if  tbe  decomposition  is  eSected  in  a 
strong,  cloae,  and  suitable  vesael  of  iron,  we  obtain 
tbe  carbonic  acid  in  the  atate  of  liquid.  In  this 
manner  it  may  be  obtained  in  considerable  quantities, 
even  many  pounds  weight.  Carbonic  acid,  when  . 
separated  from  other  bodies  rfith  which  it  is  combined, 
uiuier  a  pressure  of  thirty-six  atmospheres,  appears 
not  as  a  gas,  but  aa  a  liquid. 

The  curious  properties  of  liquid  carbonic  acid  are  now 
generally  known.  When  a  amull  jet  of  it  is  permitted 
to  escape  into  the  atmOBphere,  it  assumes  its  gaseous 
state  with  extraordinary  rapidity,  and  depriies  the 
remaining  fluid  of  heat  so  rapidly  that  it  congeals 
into  a  white  crystalline  mass  like  snow  :  at  first, 
indeed,  it  was  thought  to  be  really  snow,  condensed 
from  the  surrounding  air  ;  bnt  upon  eiamination  it 
proved  to  be  pure  frozen  carbonic  acid,  the  tempera- 
ture of  which  was  at  least  eighty  degrees  below  that  of 
freezing  water. 

At  this  low  temperature,  earhooic  acid  behaves  like 
snow  ;  like  snow,  it  may  be  exposed  to  a  higher 
temperature,  without  its  own  temperature,  as  long  as 
any  solid  matter  is  left,  rising  aboTO  a  certain  limit ; 
namely,  that  of  its  melting  point.  Exposed  to  the 
ur,  BtAid  carbonic  acid,  iu  tfae  Sana  of  snow,  evaporates 
continually,  though  slowly,  when  ctxupared  with  the 
behaviour,  under  similar  circumstances,  of  the  liquid, 
that  is,  vrarmer  carbonic  acid.  For  tbe  tendency  of 
a  body  to  assume  the  gaseous  form  is  not  so  much  a 
property  of  its  material  substance  as  of  the  amount  of 
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heat  in  it.  Solid  carbonic  acid,  therefore,  oan  onl/ 
evaporate  in  proportion  as  it  receives  heat  from 
without. 

When  exposed  to  the  lur,  nay,  when  thrown  into  a 
red-hot  capsule,  it  retains,  while  ooDtinoall;  erapo- 
rating,  its  solid  form  (in  that  which  has  oot  jet 
evaporated),  and,  so  long  as  it  retains  the  solid  form, 
it  retains  also  its  low  temperature  (its  melting  poiot). 
'The  more  rapid  addition  of  heat  hastens  its  evapora- 
tion, bnt  produces  no  other  change  on  the  portion 
which  remaios  solid. 

If  we  take  solid,  snow-like  carhonic  acid  in  the 
hand  or  between  the  fingers,  we  perceive  but  little  of 
its  intense  cold,  because,  in  consequence  of  its  light, 
spongy,  porous  structure,  like  that  of  dry  flakes  of  snow, 
it  offers  very  few  points  of  contact  with  the  skia,  and 
hence  can  withdraw  from  it  but  little  of  its  heat. 

£ut  if  we  press  the  solid  acid  with  some  force  oa 
the  skin,  the  circulation  of  the  blood  is  arrested  at 
the  point  touched,  as  by  a  metal  at  a  dull  red-heat ; 
a  white  spot  appears,  which  in  fifteen  seconds 
becomes  a  bhster,  and  in  two  minutes  «  white  depres- 
sion is  formed,  followed  by  suppuration  and  healing, 
a  soar  being  left. 

The  white  solid  snow  of  carbonio  acid  is  moistened 
by  ether,  when  that  liquid  is  poured  on  it,  and  com- 
municates its  very  low  temperature  to  the  ether,  as 
well  as  to  all  bodies  moistened  with  the  mixture. 
Ten,  twenty,  or  more  pounds  of  mercury,  when 
covered  with  this  mixture  of  ether  and  solid  carbonic 
acid,  become  in  a  few  seconds  solid  and  malleable. 
When  the  mixture  of  ether  and  solid  carbonio  acid  is 
placed  in  the  vaonum,  ^ere  is  produced,  in  conse- 
quence of  the  increased  and  accelerated  evaporation, 
so  intense  a  degree  of  cold  (from  180°  to  200°  below 
the  freezing  point  of  water  on  Fahrenheit's  scale, 
or  from  100°  to  110°  below  that  point  on  the  scale 
of  Celuus,  or  the  centigrade  scale)  that  most  of  the 
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compound  gases  become  liquid  wheo  exposed  to  it, 
and  several  are  frozen  (Faradnj). 

The  lii'Bt  and  most  important  condition  of  a  rapid 
passage  of  heat  into  a  solid  body,  like  snovr  (or  tike 
the  carbonic  acid  in  its  anowy  form)  or  of  a  rapid 
subtraction  of  heat  from  the  surrounding  bodies,  is 
that  the  snotr  or  carbonic  acid  should  bo  moistened, 
so  as  to  spread  urer  the  solid  on  which  it  lies.  The 
spreading  of  a  drop  of  water  on  a  gloss  plate,  on  wood, 
or  OD  metal,  and  its  adhesion  to  those  bodies  depends 
on  a  chemical  attraction  between  the  particles  nt  the 
surface  of  the  solid  body  and  those  of  the  water. 
which  is  obriouBly  stronger  than  the  attraction  between 
the  particles  of  the  liquid  themselves.  Were  the 
latter  the  more  ponerfiil  attraction,  the  liquid  would 
preserve  its  spheroidal  form,  and  would  not  moisten 
the  solid  body.  For  this  reason,  quicksilver  spreads 
out  upon  tin,  like  water  on  wood,  while  on  glass  it 
retains  the  form  of  spheroidal  drops. 

On  the  same  principle  we  explain  the  striking 
phenomenon,  called  Leidenfrost's  experiment.  A  drop 
of  cold,  or  still  better,  of  boiling  hot  water,  sprinkled 
on  a  red  hot  plate  of  iron,  dances  about  on  it,  retains 
its  spheroidal  shape,  and,  since  it  does  not  moisten  the 
plate,  receives  fiom  it  but  little  heat  Its  evaporation 
is,  uuder  these  circamstancea,  singularly  retarded. 

It  is  easy  to  see  the  cause  of  this  phenomenon. 
The  temperature  of  the  metal  may  he  raised  far  above 
redness,  but  that  of  water,  in  the  open  ur,  cannot  rise 
above  its  boiling  point.  As  the  temperature  of  the  iron 
rises,  the  mutual  attraction  between  its  particles,  and 
that  between  them  and  the  particles  of  the  water, 
diminish ;  and  while  the  attraction  between  the  particles 
of  the  iron  and  those  of  the  water  diminishes,  the 
mutual  attraction  between  the  particles  of  the  water 
remains  unchanged,  because  its  temperature  no  longer 
rises.  At  a  eertain  temperature  of  the  iron,  this 
latter  attraction  (between  the  partiolea  of  the  water 
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themselTea)  cornea  to  preilomiDate,  aiid  the  tnctal  is 
no  longer  moistened.  When  the  metal  is  do  longer 
ntoiateiied,  the  paesage  of  heat  from  the  red-hot  iron 
to  the  liquid  is  arrested,  or  nearly  bo.  All  vol&- 
tilisahie  liquids,  under  similar  circumstances,  behave 
as  water  does.  Liquid  aulphui'oiis  acid,  when  poured 
into  a  red-hot  ailver  or  platinum  crucible,  retains  its 
Bpheraidal  Btate ;  its  temperature  does  not  riae  bejond 
its  boiling  point,  and.  sb  this  is  10°  Celsius  (18° 
Fahrenheit)  below  tlie  freezing  point  of  water,  we  can 
actually  freeze  water  by  pouring  it  into  the  sulphurous 
acid  in  a  red-hot  crucible.  The  aame  thing  occurs 
with  a  mixture  of  aulphuroua  acid  or  ether  and  aolid 
carbonic  acid,  when  introduced  into  a  red-hot  metallic 
vessel.  The  mixture  requires,  for  its  converBion  into 
gOB,  as  much  time  as  it.  would  in  the  air  at  the 
ordinary  temperature.  If  we  introduce  into  this 
mixture,  whether  contained  in  a  vessel  at  the  ordinary 
temperature,  or  in  the  red-hot  crucible,  a  sruall  tube 
containing  a  little  mercury,  the  mercury  freezea  and 
beconies  solid. 

It  is  well  known  that  we  may  introduce  the  hand 
if  moist  (or  slightly  moistened)  into  melted  lead,  nay, 
into  white-hot  melted  copper  or  iron,  and  move  it 
slowly  about  in  these  liquids,  not  only  wilhout  burning 
the  hand,  but  without  even  feeling  the  intense  heat  of 
the  melted  metals  ;  whereas  iron  or  copper  at  a  heat 
far  below  redness,  instantly  cause  a  blister  or  a  bum. 
On  this  fact  depended  the  trick  played  by  the  priests 
of  old  in  the  ordeal  of  fire.  Tliey  occupied  the  place 
of  a  jury,  and  knew  how  to  convince  tlie  multitude  ttt 
the  guilt  or  innocence  of  the  accused. 

The  liquefaction  of  gases  cannot  be  accomplished 
without  considerable  danger.  A  meSancholy  accident 
occurred  at  Paris,  which  proved  the  extreme  danger  of 
the  preparation  of  liquid  carbonic  ocid  by  the  action  of 
sulphuric  acid  on  bicarbonate  of  soda,  which  is  accom- 
P&nied  by  a  strong  disengagement  of  heat.     Just 
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before  tfae  commencement  of  the  lecture  in  the 
Lnborntory  of  the  Polyteclinic  School,  a  caHt-iroa 
cylinder,  two  feet  and  a  half  long  nni]  one  foot  in 
diameter,  in  irhich  carbonic  acid  bad  been  developed 
for  expel  imeut  before  the  ckss,  burst,  and  its  frag- 
ments were  scattered  about  with  the  most  tremendous 
force  ;  it  cut  off  both  the  legs  of  the  assistant,  and 
the  injury  was  followed  by  his  death.  Wo  caa 
scarcely  Uiink,  without  shuddering,  of  the  dreadful 
calamity  which  the  explosion  of  this  vesBcl,  formed  of 
the  strongest  cast-iron,  and  sbapod  like  a  cannon, 
would  liave  occnsloned  in  a  hall  filled  with  spectalors, 
and  yet  the  apparatus  had  been  often  used  for  the 
same  experiments,  which  naturally  banished  all  idea 
of  danger. 

By  conducting  the  disengagement  of  the  gas  and 
its  condensation  in  two  separate  vessels,  the  prepara- 
tion of  the  liquid  oarbotiio  acid  becomes  quite  free 
from  danger.  The  gas  is  first  collected  in  a  gas 
holder,  and  is  then  condensed  by  means  of  a  common 
condensing  air  pump  or  syringe,  into  a  strong  vessel 
of  malleable  iron,  capable  of  resisting  a  pi-essare 
more  than  ten  times  as  great  as  that  of  the  liquid 
carbonic  acid  ;  namely,  thirty-six  atmospheres,  with- 
out bursting. 

When  we  had  ascertained  the  fact  of  gases  ho. 
coming  fluid  imder  the  influence  of  cold  or  pressure, 
ft  curious  property  possessed  by  charcoal,  that  of 
absorbing  gas  to  the  extent  of  many  times  its  Tolume, 
—ten,  twenty,  or  even  as  in  the  case  of  auimoniacal 
gas  or  muriatic  acid  gas,  eighty  or  ninety  fold, — ■ 
which  had  been  long  known,  no  longer  remained  a 
mystery.  Some  gases  are  absorbed  and  condensed 
vritbin  the  pores  of  the  charcoal,  into  a  space  several 
hundred  times  smaller  than  they  before  occupied ;  and 
diere  is  now  no  doubt  they  there  become  fluid,  or 
assume  a  solid  state.  As  in  a  thousand  other  in- 
Btaucea,  chemical  action  here  supplants  mechanical 
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forces.  Adhesion  or  heterogeneous  attrnction,  as  it  is 
termed,  acquired  by  this  discovery  a  mcn'o  extended 
meanini;  ;  it  had  never  before  been  thought  of  as  a 
otiuse  uf  chnnge  of  state  in  matter ;  hut  it  ia  now 
evident  that  the  adhesion  of  a  gas  to  the  surface  of  a 
aolid  body  is  ft  procesa  opposite  to  that  of  solution. 

The  eraalleat  amount  of  a  gas, — ntmosphei'ic  air 
for  instance, — can  be  compressed  into  a  space  a 
thousand  times  smaller  by  mere  mcclinnical  pressure, 
and  then  its  bulk  must  be  to  the  least  meosurabb 
surface  of  a  solid  body,  ss  a  grain  of  sand  to  a  moun- 
tain. By  the  mere  effect  of  mass, — the  force  of  grovity, 
— gaseous  molecules  are  attracted  by  solids  and  adhere 
to  their  suifaccs  ;  and  when  to  this  pliysical  force 
is  added  the  feeblest  chemical  affinity,  the  liqiiefiable 
gases  cannot  retain  their  gaseous  state.  The  amount 
of  oir  condensed  by  these  forces  upon  a  square  inch 
of  surface  is  cei'tainly  not  measurable  ;  but  when  a 
solid  body,  presenting,  by  means  of  its  pores, 
several  hundred  square  feet  of  surfoco  within  the 
space  of  a  cubic  inch,  is  brought  into  a  comparativety 
small  volume  of  gas,  we  may  understand  why  that 
volume  is  diminished,  why  all  gases  without  exception 
are  absoibed.  A  cubic  inch  of  beech-wood  charcoal 
must  have,  at  the  lowest  computation,  a  surface  of 
one  hundred  square  feet. 

This  property  of  absorbing  gases  Taries  with  dif- 
ferent kinds  of  charcoal :  it  is  possessed  iu  a,  higher 
degree  by  those  containing  the  most  pores,  i.  e.  where 
the  pores  are  finer  ;  and  in  a  lower  degree  in  the 
more  spongy  kinds,  t.  e.  where  the  pores  are  larger. 

In  this  manner  every  porous  body— rocks,  stones, 
the  clods  of  the  fields,  sc. — imbibe  air,  and  therefore 
oxygen;  the  smallest  solid  molecule  ia  thus  sur- 
rounded by  its  own  atmosphere  of  condensed  oxygen  ; 
and  if  in  their  vicinity  other  bodies  exist  which  have 
an  affinity  for  oxygen,  a  conibioation  is  effected. 
When,  for  instance,  carbon  and  Ljdrogen  ore  thus 
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present,   they  are  converted   into    nourishment  for 

Tegetables, — into  eurboDic  acid  and  water.  The  da- 
velopment  of  heat  when  air  or  watery  vapour  is 
absorbed,  or  wlien  the  earth  ia  moistened  by  rain,  ig 
acknowledged  to  be  the  consequence  of  this  condenaa- 
tion  by  the  action  of  surfocea. 

But  the  most  remarkable  and  interesting  case  of 
this  kind  of  action  is  the  abaorption  of  ojfygen  by 
metallic  platinum.  This  metal,  when  niassive,  is  «E 
a  luslroue  white  colour,  but  it  may  be  brought,  by 
separating  it  from  its  solutions,  into  so  finely  divided 
a  state,  that  its  particles  no  longer  reflect  light,  and 
it  forms  a.  powder  as  black  as  soot.  In  this  condition 
it  absorbs  more  tiina  eight  hundred  times  its  volume 
of  oiygen  gas,  and  this  ojygen  must  be  contained 
within  it  in  a  state  of  condeasation  greater  than  that 
of  liquid  water. 

Iq  the  state  of  condensation,  in  which  oxygen  eiists 
on  the  surface  of  metallic  platinum,  its  peculiar  pro- 
perties are  developed  in  a  remarkable  degree  ;  and 
the  same  is  true  of  all  gases,  which  have  the  sauie 
relation  to  tlie  platinum.  Their  chemical  characters 
become  apparent  as  their  physical  characters  disap- 
pear. The  latter  consists  in  (he  continual  tendency 
of  their  particles  to  separate  from  each  other,  on 
which  agiiin  depends  their  property  of  filling  entirely 
the  space  which  they  occupy.  Now,  sinco  chemicu 
action  only  takes  place  when  the  material  particles 
exerting  cliemical  attraction  are  in  a  certain  degree  of 
proximity,  it  is  easy  to  see  that  the  elasticity  of  gases 
is  one  chief  impediment  to  the  manifestation  of  their 
chemical  af&nities.  The  property  possessed  by  the 
gaseous  particles  of  repelling  each  other  is  the  exact 
opposite  to  what  we  call  attraction  ;  for  this  becomes 
more  energetic  as  their  particles  approximate.  Gases, 
when  oonjensed  within  the  pores  or  upon  the  sur- 
face of  solid  bodies,  eiliibit  a  very  highly  intensified 
chemjcal  action.     Thus  combinations  which  oiygen 
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canDot  enter  into,  dec  om  position  a  nhich  it  cannot  effect 
while  in  the  Btate  of  gas,  take  place  with  tlie  greatest 
facility/  in  the  pores  of  platinum  contaiiiitig  condensed 
oxygen,  111  finely  pulrerised  platinum,  nnd  even  in 
spongy  platinum,  we  in  fact  possess  a  perpetuum 
mobile — a  mechanism  like  a  watch  which  runs  out 
and  winds  itself  up — a  force  which  is  never  exhausted 
— competent  to  produce  effects  of  the  moat  poweiiul 
kind,  and  self-renewed  ad  infinitum. 

When  hydrogen  gas  is  allowed  to  flow  on  the  sur- 
face of  spongy  platinum,  the  pores  of  which  contaia 
condensed  oxygen,  we  see  the  platinum  become  red- 
hot,  while  ihe  jet  soon  takes  fire.  This  striking 
phenomenon  depends  on  the  formation  of  water, 
which  goes  on  in  the  pores.  The  liydrogen  gas, 
which  does  not  combine  with  uncondenaed  oxygen 
gas  unless  a  flame  be  applied,  combines  immediately 
and  directly  with  the  condensed  osygeu.  Water  ia 
thus  formed,  and  tlie  immediate  result  of  this  forma- 
tion of  water,  of  the  oxidation  or  slow  combustion  of 
hydrogen,  is  a  development  of  heat,  whereby  the 
process  ia  accelerated,  more  heat  is  developed,  and 
the  platinum  becomes  red  hot.  It  then,  like  any 
other  red  hot  body,  sets  fire  to  the  jet  of  hydrogen. 
The  heat  is  the  result  of  the  formation  of  water,  the 
kindling  of  the  jet  subsequently  is  the  consequence  of 
the  high  temperature  produced.  If  we  interrupt  the 
jet,  tlie  poies  of  the  platinum  are  again  filled,  in  an 
instant  of  time,  too  short  to  he  measured,  with  new 
portions  of  condensed  oxygen,  and  the  same  pheno- 
menon may  be  repeated  a  second  time,  and  so  on  (ui 
htfinitum. 

Metallic  platinum  acts  towards  many  combustible 
gases  ia  the  same  way  as  towards  hydrogen  gas ;  it 
effects  their  combination  with  oxygen,  and  increases 
their  combustibility.  Many  gases,  not  by  themselves 
combustible  in  tlie  air,  undergo  combustion  readily 
irhen  mijicd  with  oxygen,  and  conducted  over  hot 
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t^ongy  platinnin.  One  of  tbe  most  remarkable  com- 
bustions of  this  kind  ia  that  of  ammoDiacal  gas.  This 
gas,  composed  of  nitrogen  and  hydrogen,  is  entirely 
burnt  or  oxidised  under  these  circumstances  ;  its 
hjdrogcn  yielding  water,  and  its  nitrogen  the  highest 
Stage  of  oxidation  of  that  element,  the  compound 
known  as  nitric  acid. 

When  sulphur  is  burned  in  a  vessel  full  of  air, 
there  is  formed  a  gaseous  compound  of  sulphur  with 
the  oxygen  of  the  air,  n-hich  is  well  known  as  sul- 
phuroug  acid,  the  cause  of  the  peculiar  sufFbcating 
smell  of  burning  sulphur.  When  to  this  acid  we  add 
half  as  much  oiygen  as  It  already  contains,  along 
with  a  certain  amount  of  water,  there  is  formed  the 
body  called  tulphuric  add,  so  valuable  and  important 
in  the  arts.  In  the  manufacture  of  sulphuric  acid,  or 
oil  of  vitriol,  as  it  is  called,  from  sulphur,  it  is  the  air 
which  yields  all  the  oxygen  required.  But  the  gaseous 
sulphurous  acid,  which  is  alone  produced  when  sulphur 
burns,  will  uot  combine  directly  with  more  oxygen 
from  the  air  to  form  sulphuric  acid.  The  oxygen  of 
tlie  air,  however,  readily  combines  indirectly  with  the 
sulphurous  acid,  when  the  latter  is  in  certain  loosely 
held  together  forms  of  combination.  If,  for  example, 
we  add  sulphurous  acid  to  spring  water,  or  river 
water,  containing,  as  it  does,  some  dissolved  oxygen, 
the  sulphurous  acid,  combining  with  that  oxygen, 
passes  into  sulphuric  acid.  In  like  manner,  when 
sulphur  is  burned  in  wine-casks,  the  oxygen  taken  up 
by  the  wine  from  the  air  during  the  filling  of  the 
casks  is  seiied  by  the  sulphurous  acid,  and  the  forma- 
tion of  vinegar  is  thus  prevented.  Platinum  acts  in 
a,  way  similar  to  that  in  which  the  water  and  wine 
act ;  when  placed  in  a  mixture  of  oxygen  gas  and 
sulphurous  acid  gas,  it  enables  tbo  oxygen,  by  con- 
densing that  gas  in  its  pores,  to  combine  with  the 
Bdlphurous  acid,  and  form  siilpharic  acid. 

When  we  conduct  a  mixture  of  these  gases  over 
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Bpongj  platinum  heated  to  Io<r  redness  in  n  glau 
tube,  tlie  vapour  of  anliydroua  Bulpliuric  acid  flona 
out  at  the  other  end,  producing,  in  moiat  air,  thick 
white  clonUs,  which  are  the  hydrated  acid  formed  by 
the  combination  of  the  moisture  of  the  air  with  tb« 
dry  Bulphui'ic  acid. 

In  the  actual  manufacture  of  oil  of  Tltriol,  nitrio 
oxide  gas  plays  a  part  analogous  to  that  of  the  plati- 
num. Nitric  oxide  is  that  well-known  oxide  of  nitrogen 
(deutoiide)  which  forms  red  Tapours  (nitrous  acid) 
when  mixed  with  air  ;  since  it  has  the  property,  rare 
kmong  gases,  of  directly  combining  with  gaseoos 
oxygen.  When  oxygen  and  moisture  are  present  in 
Bufficient  quantity,  the  nitric  oxide  is  converted  into 
nitric  acid.  Now,  when  sulphurous  acid  is  brought 
into  contact  with  nitric  acid  and  water,  the  nitric  acid 
is  reduced  to  the  state  of  nitric  oxide,  tlio  oiygen  lost 
by  the  nitric  acid  converting  the  sulphurous  acid  into 
sulphuric  acid.  It  is  evident  that  tlie  uitrio  oxide, 
being  liberated,  and  totally  unchanged,  may  serre 
ftgaiu,  and  any  number  of  times,  fur  the  same  pur- 
pose. With  air  and  moisture  it  will  again  form  nitrle 
acid,  which,  in  contact  with  a  new  portion  of  sul- 
phurous acid,  wilt  again  yield  sulphuric  acid  and  nitric 
oxide.  It  is  easy  to  perceive  how  one  and  the  same 
portion  of  nitric  oxide  may  convert  into  sulphuric  acid 
nnlimited  quantities  of  sulphurous  acid,  witbout  ever 
losing  its  power  to  do  so  ;  since,  ultimately,  its  action, 
like  that  of  spongy  platinum,  consists  in  taking  oxygen 
from  the  air  and  transferring  it  to  the  sulphurous  acid. 
When  ail  the  sulphurous  acid  is  converted  into  sul- 
phuric acid,  the  nitric  oxide  remaina  as  such,  or  ia 
the  form  of  a  higher  oxide  of  nitrogen.  In  the  mana- 
factories  of  oil  of  vitriol  sulphur  is  burnt,  and  tho 
aulphurouB  ocid  gas,  mixed  with  air,  is  conducted  into 
long  chambers  lined  with  lead.  Here  the  current  of 
gases  is  mixed  with  nitric  acid  and  the  Tapovr  of 
water.    Nitric  oxide  ia  set  free  (the  nitric  acid  yielding 
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oxygen  to  the  first  portion  of  Bulphnrous  ncid),  and  hj 
its  means  all  the  sulphurous  acid,  in  its  passage 
througli  (he  chambers,  is  converted  into  sulphuric 
ttcid,  EiB  abore  explnined.  It  ia  otilj'  when  air,  that  is, 
oijgen  is  deficient  in  the  chamber,  that  a  loss  of 
sulphuric  acid  is  sustained.  When  enougli  of  air  is 
present,  the  nitric  oiide  escapes  in  the  form  of  uitrous 
&cid,  and  can,  hy  tueana  of  proper  arrangements,  be 
collected  and  returned  into  the  chambers  repeatedly. 

With  the  aid  of  platinum  we  can  not  only  convert 
amtDonia  into  nitric  acid,  but  we  can  also  reconvert 
tiie  oxides  of  nitrogen,  and  other  gaseous  compounds 
of  nitrogen,  into  nmmontQ.  When  these  oxides  are 
mixed  with  hydrogen  gns,  and  brought  in  contact 
with  hot  spongy  platinum,  their  elements  now  combine 
with  hydrogen,  their  oxygen  forming  water,  their 
nitrogen  ammonia. 

This  is  the  more  important,  because  nitrogen  and 
hydrogen  do  not  combine  direcllj/  to  form  ammonia. 
We  are  not  yet  acquainted  irith  any  cose  in  which  a 
direct  combination  of  these  gaseous  elements  can  be 
effected,  that  is,  without  the  presence  and  aid  of  some 
third  body.  The  nncomhined,  clastic  stntc,  opposes 
combination  ;  but,  once  chained,  these  elements  fol- 
low every  impulse  given  to  them.  Elements,  when 
combined,  potsess  different  properties  from  those  which 
they  exhibit  when  uncombined  ;  because,  when  they 
enter  into  combinations,  the;  necessarily  lose  many  of 
those  properties  which  acted  as  impediments  to  their 
chemical  action.  The  simple  change  from  the  gaseous 
form  in  the  oxygon,  or  other  gas,  condensed  in  the 
pores  of  platinum,  gives  to  it  properties  which  it  does 
not  possess  in  the  free  state.  When  nitric  oiide  is 
converted  into  ammonia,  as  above,  its  oxygen  unites 
with  hydrogen  to  form  water  ;  as  always  happens 
under  similar  circumstances.  Its  nitrogen  also  uuites 
with  hydrogen  to  form  ammonia ;  which  does  not 
otherwise  happen.     But  this  nitrogen  is  not  ordinary. 
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free,  elastic  nitrogen  gas  ;  it  is  nitrogen  in  tfae  ntucettt 
ttate  ;  tbat  is  before  it  has  become  free. 

In  many  cases  we  are  able  to  cause  tiro  bodies  to 
unite,  wliich,  when  both  are  free,  do  not  directly  com- 
bine if  we  bring  them  together  at  the  monient  when 
one  or  both  are  in  the  act  of  separating  from  some 
previous  combination.  The  state  in  which  the;  are 
at  that  moment  is  called  by  chemistB  -  the  elatus 
tiaecene,  or  nascent  state  ;  and  the  knowledge  of  the 
methods  by  wliich  bodies  can  be  made  to  act  on  one 
another  in  their  nascent  state  is  one  of  the  most 
important  requisites  of  the  art  of  producing  new 
compounds  in  general. 

It  has  been  found  that  a  number  of  other  bodies 
possess  the  same  properties  as  platinum,  although  in 
a  lees  degree.  Even  powdered  porcelain  or  common 
pumice  stone  effect  the  conihinalion  of  oxygen  with 
hydrogen  to  form  water,  and  of  sulphurous  acid  and 
oxygen  to  form  sulphuric  acid,  at  temperatures  in 
which  these  results  would  not  otherwise  take  place. 

Many  phenomena,  formerly  inexplicable,  are  satis- 
factorily explained  by  tliese  recently  discovered  pro- 
perties of  solid,  and  especially  of  porous  bodies.  The 
metamorphosis  of  alcohol  into  acetic  acid,  by  the 
process  known  as  the  quick  vinegar  manufacture, 
depends  upon  principles,  at  a  knowledge  of  which  we 
have  arrived  by  a  careful  study  of  these  properties.* 

*  Thi>  mode  of  raanuficturing  vinegar  consiiti  eiMntiill;  gf 
mllowing  diluted  alcohol  to  Irickle  Ihmugb  casks  filled    vitb  boiall 

the  alcohnl  1b  oxidiBed  b;  the  air  in  conlact  vilh  il,  and  tlowt 
out  beiow,  nhen  the  proceas  ii  well  conducted,  ag  vinegar.  Thii 
"  SdinelteHiKTabriatioD  "  i>  one  of  the  moit  important  branchei 
of  ^collaral  Disnuracture  in  minj  prti  of  thf  contioert.  It  ii 
hacdl;  neceauiy  here  to  remlud  Itie  reader  of  the  application  of  the 
firinciplc*  above  developed  to  the  effecl4  produced  or  prtxlncihle  on 
die  giiea  and  vapoiin  of  the  air  when  in  contact  with  tlie  porooi 
man  of  th«  aoil  and  the  organic  matten  preient  in  il,  at  having  ■ 
mott  important  bearinE  on  uticulture,  u  allndsd  to  tlreadr  on 
p  132.— W.  Q. 
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The  manufacture  of  aoda  from  c 
mnj  be  regarded  aa  the  foundat 
diuary  impulse  gijen  to  improvement  in  everj'  depart- 
ment of  modern  industry  ;  and  we  may  take  it  as 
affording  an  ejcellent  illustration  of  the  dependence 
of  the  vaiious  branches  of  human  industry  and 
commerce  upon  each  other,  and  their  relation  to 
chemistry. 

Sodn,  properly  carbonate  of  soda,  or  rather  its 
chief  constituent,  the  alkali,  hae  been  used  in  France 
from  tine  immemorial  in  the  manufacture  of  soap 
and  glass,  two  chemical  productions  wliicli  employ 
and  keep  in  eircuiation  an  immense  amount  of  capital. 
The  quantity  of  soap  consumed  by  agnation  would  be 
no  inaccurate  measure  whereby  to  estimate  its  wealth 
and  civilisation.  Political  economists,  indeed,  wQl 
not  give  it  this  rank  ;  hut  whether  we  regard  it  as 
joke  or  earnest,  it  is  not  (be  less  true,  that,  of  two 
countries,  with  an  equal  amount  of  population,  we 
may  declare  with  positive  certainty,  thatthe  wealthiest 
and  most  highly  civilised  is  that  which  consumes  the 
greatest  weight  of  soap.  This  consumption  does  not 
subserve  sensual  gratification,  nor  depend  upon  fashion, 
but  upon  the  feeling  of  the  beauty,  comfort,  and  wel- 
fare, attendant  upon  cleanliness ;  and  a  regard  to 
this  feeling  is  coincident  witli  wealth  and  civilisation. 
The  rich  in  the  middle  ages  who  concealed  a  want  of 
cleanliness  in  their  clothes  and  persons  under  a  pro- 
fusion of  costly  scents  and  essences,  were  more 
luxurious  than  we  are  in  eating  and  drinking,  in 
apparel  and  horses,     But  how  great  is  the  differenca 
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between  tlieir  days  and  our  ono,  irlien  n  want  of 
cleoDlinese  is  equivalent  to  insupportable  tnigerj  and 
misfortune ! 

Soup  ia  one  of  those  manufactured  products,  the 
money  value  of  which  continuallj  disappears  from 
circulalion,  and  requires  to  be  continually  renewed. 
It  is  one  of  tiie  few  substances  whicli,  like  tallow  and 
oil,  are  entirely  consumed  by  use,  leaving  no  product 
of  any  wqjjth.  Broken  glass  and  bottle?  are  by  no 
means  absolutely  worthless ;  for  rags  we  may  purchase 
new  clotli,  but  soap-water  has  no  value  whatever  in 
our  households.  The  attempt  has  been  made,  in 
great  washing  establishments,  to  collect  the  soap- 
water,  and  to  separate  from  it  the  fatty  acids  of  ihflfc 
soap  by  sulphuric  acid.  When  these  fatty  ncida  ore 
heated  so  ns  to  destroy  their  impurities,  they  may 
now  be  used  for  an  inferior  kiud  of  soap.  But  this 
restores  only  a  smalt  fraction  of  what  is  used  in  our 
household  economy.  It  would  he  interesting  to  know 
accurately  the  amount  of  capital  involved  in  tha 
manufacture  of  soap  ;  it  is  certainly  as  large  as  that 
employed  in  the  coffee  trade,  with  this  important 
difference  as  respects  Germany,  that  it  is  entirely 
derived  from  our  own  soil. 

France  formerly  imported  soda  from  Spoin, — 
Spanish  soda  beiug  of  the  beet  quality — at  an  annual 
expenditure  of  twenty  to  thirty  millions  of  francs. 
During  the  war  with  England  the  price  of  soda,  and 
consequently  of  soap  and  glass,  rose  continually  ;  and 
oil  manufactures  suffered  in  consequence. 

The  present  method  of  making  soda  from  common 
salt  was  discovered  by  Le  Blanc  at  the  end  of  the  last 
century ;  hut  he  did  not  receive  the  great  prize, 
offered  by  Napoleon,  for  the  invention.  The  restora- 
tion interfered  ;  it  had  more  pressing  debts,  and 
refused  to  acknowledge  this  one.  It  was  a  rich 
boon  for  France,  aud  became  of  the  highest  im- 
portance dui'ing  the  wars  of  Napoleon.     In  a  veiy 
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sliort  time  it  was  nianuroctured  to  aa  extraordinary 
extent,  especinlly  at  tlie  Beat  of  the  soap  manafao- 
toriea.  MaiBciileB  posseBaed,  but  only  for  a  time,  a 
moiiopolj'  of  Boda  and  soap.  Ttie  hatred  of  ibe  popu- 
lation of  tliat  city,  embittered  by  the  losa,  under 
Napoleon,  of  its  principal  eource  of  profit,  the  trade 
in  Boda,  came,  by  a  singular  cotubitiation  of  circum* 
BtanceB,  to  be  aervieeabte  to  the  governmeDt  which 
followed. 

In  Older  to  prppare  the  soda  of  commerce  (which  is 
the  carbonate)  from  common  salt,  it  is  fii'st  converted 
into  Glauber'sealt  (sulphate  of  soda).  For  this  purpose 
80  pounds  weight  of  concentrated  sulphuric  acid  (oil 
of  vitriol)  are  required  to  100  pounds  of  common  salt. 
The  duty  upon  hhU  checlied,  for  a  short  time,  the  full 
advantage  of  this  discovery  ;  but  when  the  British 
GoTeriinieot  repealed  the  duty,  and  its  price  was 
reduced  to  its  minimum,  the  cost  of  soda  depended 
ypoD  that  of  sulphuric  acid. 

The  demand  for  sulphuric  acid  now  increased  to  an 
immense  extent  ;  and,  to  supply  it,  capital  was  em- 
harked  abundantly,  ae  it  afforded  an  excellent  reaiu> 
neration.  The  origin  and  formation  of  sulphuric  acid 
was  studied  most  carefully  ;  and  fram  year  to  year, 
better,  simpler,  and  cheaper  methods  for  making  it 
were  discovered.  With  every  improvement  in  th« 
mode  of  manufacture,  its  price  fell ;  aud  its  sale 
iacreased  in  an  equal  ratio. 

Sulphuric  acid  is  now  manufactured  in  leaden 
chaoibcrs,  of  sueh  magnitude  that  they  would  con- 
tain the  whole  of  an  ordinary-sized  house.  Aa 
regards  the  process  and  the  apparatus,  this  manu- 
facture has  reached  its  acm6 — scarcely  is  either 
•UBCeptiblo  of  improvement.  The  leaden  plates  of 
which  the  chambei-a  are  constructed,  requiring  to 
be  joined  together  with  lead  (since  tin  or  Bolder 
would  be  oeted  on  by  the  acid),  this  process  was, 
until  lately,  as  expensive  aa  the  plates  themselves  « 


C.jniMOvCOO'^lu 


142  LBTTBRS  ON  CHEMISTRY. 

btit  now,  by  means  of  the  oicyliydrogen  blowpipe, 
the  pistes  are  cemented  together  at  their  edges  bj 
mere  fusion,  nithoiit  the  intervention  of  any  kind  of 
Bolder,  and  so  easily  that  a  child  might  perform  the 
operation. 

And  then,  as  to  the  process  :  according  to  theory, 
100  pouodB  weight  of  sulphur  ought  to  produce  306 
pounds  of  sulphuric  acid  ;  in  practice  300  pounds  are 
actually  obtained  ;  the  amount  of  loss  is  therefore  too 
iusignificaDt  for  consideration. 

Again,  saltpetre  being  indispensable  in  making 
sulphuric  acid,  the  commercial  value  of  that  salt 
had  formerly  an  important  influence  upon  the  price 
of  the  acid.  It  is  true  that  100  pounds  of  saltpetre 
only  are  required  to  1000  pounds  of  sulphur  ;  but  its 
cost  was  four  limes  greater  than  nn  equal  weight  of 
the  latter.     All  this  has  likewise  been  changec^ 

Travellers  had  observed,  near  the  small  seajtbrt  of 
Tquique,  in  the  district  of  Atacama,  in  Peru,  on 
efflorescence  coveriug  the  ground  over  eiteuMve 
districts.  This  was  found  to  consist  principally  of 
nitrate  of  soda.  Commerce,  which,  with  ita  polypus 
arms,  embraces  the  whole  earth,  and  everywhere 
discovers  new  sources  of  profit  for  induatry,  took 
advantage  of  this  discovery.  The  quantity  of  this 
valuable  salt  proved  to  be  inexhaustible,  as  it  exists 
in  beds  extending  over  more  than  200  square  miles. 
It  was  brought  to  Englaud  at  less  than  half  the 
freight  of  the  East  India  saltpetre  [oitrate  of  potnssa); 
and  as,  in  the  chemical  manufacture  neither  the  potash 
nor  the  soda  were  required,  but  only  the  nitric  acid, 
in  combination  with  the  alkali,  the  soda-saltpetre  of 
South  America  supplanted  the  potash -saltpetre  of  the 
East,  in  an  incredibly  short  time.  The  manufacture 
of  sulphuric  Acid  received  a  new  impulse ;  ita  price 
was  much  diminished  without  injury  to  tbe  manufac- 
turer ;  and,  with  the  exception  of  fluctuations  caused 
by  the  impedimenta  thrown  in  the  way  of  the  export 
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of  sulphur  from  Sicilj,  it  sood  became  reduced  to  a 
minimum,  and  remained  stationary. 

Potash-  saltpetre  ia  now  only  employed  in  tbe  manu- 
facture of  gunpowder ;  it  b  no  longer  in  demand  for 
other  purposes  ;    and   thus,    if  Government  effect  » 
saving  of  many  hundred  thousand  pounds  annually        ' 
in  gunpowder,  this  economy  must  be  attributed  to  _,  -» 
the  iocreused  mauufsiCture  of  sulphuric  acid. 

We  may  form  aa  idea  of  the  amount  of  sulpburio 
acid  consumed,  when  we  find  that  5000  cwts.  are 
mode  by  a  small  manufactory,  and  from  20,000  to 
60,000  cwts.  by  a  large  one  annually.  I'his  manu. 
facture  causes  immense  sums  to  flow  annually  into 
Sicily.  It  has  introduced  industry  and  wealth  into 
the  arid  and  desolnte  districts  of  Atacnma.  It  has 
enabled  Russia  to  eitract  platinum  from  its  ores  at  a 
moderate  and  yet  remunerating  price  ;  since  tlie  vats 
employed  for  concentrating  this  acid  are  constructed 
of  this  metal,  and  coat  from  lOOOt.  to  20002.  sterling. 
It  leads  to  frequent  improvements  in  the  niauufacture 
of  glass,  whioli  continually  becomes  cheaper  and  more 
beautiful,  being  now  made  cbicSy  from  soda  and  not 
from  potashes.  It  enables  us  to  retui'n  to  our  fields 
all  their  potash — a  most  valuable  and  important 
manure — in  tbe  form  of  ashes,  by  substituting  soda 
in  tbe  manufacture  of  glass  and  soap.  

It  is  impossible  to  trace  all  the  ramifications  of  this  7 
tissue  of  changes  and  improvements  resulting  from 
one  chemical  manufacture  ;  but  I  must  stiU  claim 
your  attention  to  a  few  more  of  its  most  important 
and  immediate  results.  I,  hiivn  nlriinly  -told  you, 
(ImM;  jjn  the  manufacture  of  soda  from  calinary  salt, 
it  is  first  converted  into  sulphate  of  soda.  In  this 
first  part  of  the  process,  the  action  of  sulphuric  acid 
produces  fuming,  concentrated  muriatic  acid  to  the 
ezt«nt  of  one-uud-a-half  times  or  twice  the  amount  of 
the  sulphuric  acid  employed.  At  first,  the  profit 
n^a  tbe  soda  was  so  great^  that  no  one  took  the 
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trouble  to  collect  the  muriatic  acid  :  indeed  it  li&d  no 
commercial  value.  A  profitable  nppiieatioii  of  it  was, 
however,  soon  discovered:  it  is  aeoiDpouad  of  chlorine, 
and  tliis  substance  may  be  obtained  from  it  purer  and 
more  cheaply  than  fi-oin  any  other  soui-ce.  The 
bleaching  power  of  chlorine  has  long  been  known  ; 
but  it  was  only  employed  upon  a  large  scale  after  It 
was  obtained  from  this  residuary  muriatic  acid,  and 
it  was  found  that  ia  combination  with  lime  it  could 
be  traniiported  to  distances  without  inconvenience: 
Thenceforth  il  was  used  far  bleaching  cotton  ;  and, 
but  for  this  new  hleoehing  process,  it  would  searcelj 
have  been  possible  for  the  cotton  manufacture  of 
Great  Biitain  to  have  attained  its  present  enormous 
extent. — it  could  not  have  competed  in  price  with 
that  of  France  and  Germany.  I[i  the  old  process  of 
bleaching,  every  piece  had  to  be  exposed  to  the  air 
and  light  during  several  weeks  In  the  summer,  and 
kept  continually  moist  by  manual  labour.  For  this 
purpose,  meadow  land,  eligibly  situated,  was  essential. 
Now,  a  single  establishment  near  Glasgow, 'of  only 
moderate  extent,  bleaches  1 400  pieces  of  cotton  daily, 
througliout  the  year.  What  an  enoi'mous  ca^utal 
would  be  required  to  purchase  land  for  this  purpose  1 
How  greatly  would  it  increase  the  cost  of  bleaching 
to  pay  interest  upon  this  capital,  or  to  hire  so  much 
land  in  England  !  This  expense  would  scarcely  have 
been  felt  in  Germony.  Besides  the  diraiiiisbed  ex- 
pense, the  cotton  stuffs  bleached  with  cbloi'ine  suffer 
less  in  the  hands  of  skilful  workmen  than  those 
bleached  in  the  snn  ;  and  already  the  peasantry  in 
some  parts  of  Germany  have  a4opted  it,  and  find  it 
advantageous. 

Another  use  to  which  cheap  muriatic  acid  is 
applied,  is  the  manufacttire  of  glue  from  bones. 
Bone  contains  from  30  to  36  per  cent,  of  earthy 
matter — chiefly  phosphnte  of  lime,  and  the  remainder 
is  gelatine.     When  bones  are  digested  in  muriatic 
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acid  they  become  traDSparent  and  flexible  like  leather, 
the  earthy  matter  ia  diesolved,  and  after  the  acid  is 
all  carefully  irashed  away,  pieces  of  glue  of  the  same 
ahape  aa  the  bones  remain,  which  are  soluble  in  hot 
water,  and  adapted  to  all  the  purposes  of  ordinary 
glue,  without  further  preparation. 

Another  important  application  of  sulphuric  acid 
may  be  adduced ;  namely,  to  the  refining  of  silver 
and  the  separation  of  gold,  which  is  always  present 
in  some  proportion  in  native  silver.  Silver,  as  it  is 
usually  obtained  from  mines  in  Europe,  contains  in 
16  oances,  6  to  8  ounces  of  copper.  When  used  by 
the  Bilversmith,  or  in  coining,  16  ounces  must  contain 
in  Germany  13  ounces  of  silver,  in  England  about  14i. 
BuL  this  alloy  is  always  made  artificially  by  mixing 
pore  silver  with  the  due  proportion  of  the  copper ; 
and  for  this  purpose  the  silver  must  be  obtained  pure 
by  the  refiner.  This  he  formerly  effected  by  amal- 
gamation, or  by  cupelling  it  with  lead  ;  and  the  cost 
of  this  process  was  about  21.  for  every  hundred- weight 
of  silver.  In  the  silver  so  prepared,  about  -j-j'tig  to 
gj^ijffth  part  of  gold  remained  ;  to  effect  the  eepara- 
tioii  of  thia  by  quartation,  with  nitric  acid,  was  mare 
expensive  than  the  Talue  of  the  gold  ;  it  was  there- 
fore left  in  utensils,  or  circulated  in  coin,  valueless. 
The  copper,  too,  of  the  native  silver,  was  lost  to  the 
possessor.  But  the  y^^th  part  of  gold,  being  about 
one  and  one  half  per  cent,  of  the  value  of  the  silver, 
now  covers  the  cost  of  refining,  and  afl'ordB  an  ade- 
quate profit  to  the  refiner  ;  so  that  he  effects  the 
separation  of  the  copper,  and  returns  to  his  employer 
the  whole  amount  of  the  pure  silver,  as  well  as  the 
copper,  without  demanding  any  payment ;  he  is 
(imply  remunerated  hy  that  minute  portion  of  gold. 
The  new  process  of  refining  is  a  most  beautiful 
chemical  operation :  the  granulated  metal  is  boiled 
in  concentrated  sulphuric  acid,  which  dissolves  both 
the  eilver  and  the  copper,  leaving  the  gold  nearly 
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pure,  in  the  form  of  a  black  powder.  The  Bolution 
ia  tben  placed  in  a  leaden  Teasel  containing  metallic 
copper  ;  this  ia  gradually  disBolved,  and  the  eilver 
precipitated  in  s  pure  metallic  state.  The  sulphate 
of  copper  thus  formed  is  also  a  valuahle  product, 
being  employed  in  the  manufacture  of  green  and  blue 
pigments. 

The  gold  obtained  in  this  method  of  purification  is 
not  yet  pure.  After  being  purified,  hy  boiling  with 
carbonate  of  soda,  and  subsequent  treatment  with 
nitric  acid,  from  the  sulphate  of  lead,  oiide  ef  iron, 
and  gnlphuret  of  copper  miied  with  it ;  it  contains, 
in  1000  parts,  970  of  gold,  28  of  silver,  and,  as 
Pettenkofer  has  lately  shown,  platinum,  as  a  never- 
failing  ingredient  to  the  amount  of  about  2  per  1000. 
The  two  latter  metals  are  easily  separated  from  the 
gold  by  fusion  with  bisulphate  of  soda  and  saltpetre. 

It  would  exceed  the  proper  limits  of  this  sketch 
were  I  to  pursue  all  the  applications  of  sulphuric  acid, 
of  hydrochloric  (muriatic)  acid,  and  of  soda,  to  their 
minutest  ramifications.  But  it  could  hardly  be  sup- 
posed that  the  beautiful  steariue  (stearic  acid)  candles, 
which  form  so  good  a  substitute  for  wax  lights,  and 
the  useful  and  cheap  phosphorus  matches  (lucifers), 
should  ever  have  come  into  uao,  but  for  the  extraor- 
dinary improvements  in  the  manufacture  of  sulphuric 
acid.  Twenty-five  years  ago,  the  present  prices  and 
extensive  applications  of  sulphuric  and  muriatic  acids, 
of  soda,  phosphorus,  &c.,  would  have  been  considered 
utterly  impoasible.  Who  is  able  to  foresee  what  new 
and  unthought-of  chemical  productions,  ministering 
to  the  service  and  comforts  of  mankiad,  the  next 
twenty-five  years  may  produce  ? 

After  these  remarks,  you  will  perceive  that  it  is  no 
exaggeration  to  eay,  we  may  judge,  with  great  accu- 
racy, of  the  commercial  prosperity  of  a  country  Irom 
the  amount  of  sulphuric  acid  it  consumes.  In  this 
point  (d  view,  there   is  no  manufacture  worthy  of 
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^fitei!  attention  on  tbe  port  of  goTemments.  The 
reason  why  England  resorted  to  such  Btrkigent 
measures  against  Naples,  on  account  of  the  trade  in 
sulphur,  was  simplj  the  important  influence  which  the 
price  of  sulphur  exercises  upon  the  cost  of  production 
of  hleached  and  printed  cotton  stuffs,  soap,  glass,  &c. ; 
and  remembering  that  Great  Britain  supplies  America, 
Spain,  Portugal,  and  the  East  with  these,  exchanging 
them  for  raw  cotton,  silk,  wine,  raisins,  indigo,  im.  &.a., 
and  that  Loadon,  the  seat  of  gOTemment,  ia  also  the 
chief  seat  of  the  wine  and  silk  trade,  ne  can  under- 
stand the  efforts  made  by  the  English  Government  to 
abi^ish  the  sulphur  monopoly,  which  the  government 
of  Naples  attempted  recently  to  establish.  Notiiing 
could  be  more  opposed  to  the  true  interests  of  Sicily 
than  such  a  monopoly  ;  indeed,  had  it  beev  main- 
tained a  few  years,  it  is  highly  probable  that  sulphur, 
the  source  of  her  wealth,  would  have  been  rendered 
perfectly  valueless  to  her.  Science  and  industry  form 
a  power  to  which  it  is  dangerous  to  present  impedi- 
ments. It  was  not  difficult  to  foresee  that  the  issue 
would  be  the  entire  cessation  of  the  exportation  of 
sulphur  from  Sicily.  In  the  short  period  the  sulphur 
monopoly  lasted,  fifteen  patents  were  taken  out  for 
methods  to  obtain  bock  the  sulphuric  acid  used  in 
making,  soda.  Before  the  monopoly  in  sulphur,  no 
one  thought  of  trying  to  recover  the  sulphuric  acid  ; 
and  admitting  that  these  fifteen  experiments  were  not 
perfectly  succesaful.  there  can  be  no  doubt  it  would 
ere  long  have  been  accomplished,  and  the  reaction 
that  must  have  ensued  ia  regard  to  the  sulphur  trade 
most  be  obvious  to  the  most  prejudiced.  Moreover, 
in  gypsum  (sulphate  of  lime),  and  in  heavy-spar 
(sulpliateofbarytes),  we  possess  mountains  of  sulphuric 
acid  ;  in  galena  (sulphate  of  lead),  and  in  iron  pyrites, 
we  have  no  less  abundance  of  sulphur.  As  the  price 
of  sulphur  rose,  men  began  to  think  of  obtaining  the 
sulphur  of  these  minerals  for  commercial  purposes. 
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The  problem  was,  how  to  render  them,  io  the  cheapent 
way,  availabie  iu  the  manafacture  of  Buphuric  acid. 
Hundreds  of  thousands  of  pounds  weight  of  sulphuric 
ftcid  were  prepared  from  iron  pyrites  while  the  high 
price  of  sulphur  consequent  npon  the  monopoly  lasted. 
We  should  probably  ere  long  hayo  triumphed  oyer  all 
difficulties,  and  have  obtained  sulphuric  acid  from 
gypsum.  The  impulse  has  been  given,  the  possibility 
of  the  process  proved,  and  it  may  happen  in  a  few- 
years  that  the  inconsiderate  fioaDciaJ  speculation  of 
Naples  may  deprive  her  of  that  lucrative  commerce. 
In  like  manner,  Russia,  by  her  prohibitory  system,  has 
lost  much  of  her  trade  in  tallow  and  potash.  One 
country  purchases  only  in  cases  of  absolute  necessity 
&om  another,  which  excludes  her  own  productions 
from  her  markets.  Instead  of  thousands  of  tons  of 
tallow  and  linseed  oil  of  Russia,  Great  Britain  now 
uses  thousands  of  tone  of  palm  oil  and  cocoa-nut  oil 
from  otber  countries.  Precisely  analogous  is  the 
result  of  the  combinations  of  workmen  against  their 
employers,  which  have  led  to  the  construction  of 
many  admirable  machines  for  superseding  manual 
labour.  In  commerce  and  industry  every  imprudence 
carries  with  it  its  own  punishment ;  every  oppresuon, 
every  impediment  to  free  intercourse,  immediately  and 
most  sensibly  recoils  iqwn  Uie  head  of  those  &om 
whom  it  emanates. 
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Etert  one  will  agree  in  this,  that  it.  must  b« 
regarded  as  a  great  bleaaiag  to  Bociet;  that  every 
new  idea  which  can  be  presented  in  the  form  of  an 
useful  machine,  or  of  au  object  of  industry  and  trade, 
finda  adherents  who  devote  to  its  realieation  their 
powers  and  talents,  as  well  as  their  fortunes.  For  evea 
when  these  are  expended  upon  objects  wholly  iacapable 
of  realisation, — nay,  even  when  the  idea  which  first 
gave  the  impulse  proves  in  the  end  to  he  altogether 
impracticable  or  absurd,  yet,  notwithstanding,  other 
valuable  and  useful  results  are  obtained  by  these  eser- 
tions.  It  is  with  industry,  in  this  respect,  as  with 
ecience  ;  theories  lead  to  esperim^its  and  investiga- 
tions. But  the  man  who  labours  in  this  way  will 
scarcely  ever  fail  to  make  discoveries.  He  digs,  for 
example,  to  find  wood-coal,  and  discovers  a  bed  of 
rock-salt ;  or  he  looks  for  iron,  and  finds  other  and 
more  valuable  ores. 

At  the  present  moment,  electro-magnetism,  as  a 
moving  power,  is  engaging  great  attention  and  study; 
wonders  are  eipected  from  its  application  to  this  pur- 
pose. According  to  the  sanguine  expectattous  of 
many  persons,  it  will  shortly  be  employed  to  put  into 
motion  every  kind  of  machinery;  and,  amongst  other 
tilings,  it  will  be  implied  to  impel  the  locomotive 
engines  («  railroads,  and  this  at  so  small  a  cost,  that 
expense  will  no  longer  be  matter  of  coDsideratioa. 
England  is  to  lose  her  superiority  as  a  manufacturing 
cooutry,  inasmuch  as  her  vast  store  of  coals  will  no 
longer  avail  her  as  an  economical  source  of  motive 
power.     "We,"  say  the  German  cultiratora  of  this 
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science,  "  have  cheap  zinc,  and  how  Btnall  a  qnaadty 
of  tbiB  metal  ie  required  to  turn  a  lathe,  and  conse- 
quentlj  to  give  motion  to  any  kind  of  machinerj  !  " 

Such  eipectaiions  may  be  very  attractive  ;  indeed 
they  must  be  so,  otherwise  no  one  would  occupy  him- 
self with  them  ;  and  yet  tbey  are  altogether  fallacioua ; 
they  are  illuBious,  depending  on  the  factthat  those  who 
entertain  them  have  not  made  the  necessary  com- 
parisons and  calculations. 

Witb  a  simple  flame  of  spirits  of  wine,  onder  a 
proper  vessel  containing  boiling  water,  a  small  carriage 
of  200  to  300  pounds  weight  can  be  put  into  motion, 
or  a  weight  of  80  to  100  pounds  may  be  raised  to  a 
height  of  1^0  feet.  The  same  effects  may  be  produced 
by  dissolving  zinc  in  dilute  sulphuric  acid  in  a  certain 
apparatus.  This  is  certainly  an  astonishing  and  highly 
interesting  discovery  ;  but  the  question  to  be  deter- 
mined is,  which  of  the  two  processes  ia  the  least 
expensive  ? 

In  order  to  answer  this  question,  and  to  judge 
correctly  of  the  hopes  entertained  from  this  discovery, 
let  me  remind  jfou  of  what  chemists  denominate 
"equivalents."  These  are  certain unaltersble  values 
of  effect  which  are  proportionate  to  each  other,  and 
may  therefore  be  expressed  in  numbers.  Thus,  if  we 
require  8  pounds  of  oxygen  to  produce  a  certun 
effect,  and  we  wish  to  employ  chlorine  for  the  same 
effect,  we  must  employ  neither  more  nor  less  than  35^ 
pounds  weight.  In  the  same  manner,  6  pounds  weight 
of  carbon  (in  the  form  of  coal)  are  equivalent  to  32 
pounds  weight  ef  sine.  The  numbers  representing 
chemical  equivalents  express,  in  the  most  genraal 
eense,  the  relative  values  or  amounts  of  effect,  and  are 
applicable  to  every  kind  of  effect  which  bodies  can 
produce. 

If  line  be  cranhined  in  a  certain  manner  with 
another  metal,  and  submitted  to  the  action  of  dilute 
Aulphurlo  acid,  it  is  dissolved  in  the  form  of  an  oxide  ; 
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it  is  in  fact  buroeJ  (oxidised)  at  the  expense  of  the 
ozygen  ooDtained  in  the  coDducting  liquid.  A  conse- 
quence of  this  action  is  the  production  of  an  electric 
current,  which,  if  conducted  through  ft  wire,  renders 
it  magnetic.  In  thus  effecting  the  solution  of  a  pound 
weight,  for  ezampte,  of  zinc,  we  obtain  a  deRnite 
amount  of  force  adeqnato  to  raise  a  given  weight  one 
inch,  and  to  keep  it  suspended  ;  and  the  amount  of 
weight  it  will  be  capable  of  euspanding  will  be  the 
greater  the  more  rapidlj  the  zinc  is  dissolved. 

By  alternately  interrupting  aud  rcDewiog  the  con- 
tact of  the  ainc  with  the  acid,  and  by  very  simple 
mechanical  arrangemeDts,  we  can  give  to  the  iron  an 
upward  and  downward  or  a  horizontal  motion  ;  thus 
producing  the  conditions  essential  to  the  motion  of 
any  machinery. 

Out  of  nothing,  no  kind  of  force  can  arise.  We 
know  that,  in  this  case,  the  storing  force  is  produced 
by  the  oxidation  of  the  sine  ;  and,  setting  aside  the 
name  given  to  the  force  in  this  case,  we  know  that  its 
effect  can  be  produced  in  another  manDcr.  If  we 
were  to  burn  the  zinc  under  the  boiler  of  a  ateam- 
engine,  consequently  io  the  oxygen  of  the  air  instead 
of  in  the  galvanic  pile,  we  should  produce  steam,  and 
by  it  a  certain  amount  of  force.  If  we  should  assume 
(which,  howeyer,  is  not  proved)  that  the  quantity  of 
force  is  unequal  In  these  cases, —-that,  for  instance, 
we  had  obtained  double  or  triple  the  amount  in  the 
galvanic  pile,  or  thnt  in  this  mode  of  generating  force 
less  loss  is  sustained, — we  must  still  recollect  that 
zinc  can  he  represented  by  an  equivalent  weight  of 
carbon  (as  coal).  According  to  the  experiments  of 
Despretz,  6  pounds  weight  of  zinc,  in  combining 
with  oxygen,  develope  no  more  heat  than  one  pound 
of  coal ;  consequently,  under  equal  conditions,  we 
can  produce  six  times  the  amount  of  force  witha 
pound  of  coal  as  with  a  pound  of  zinc.  It  is  there- 
fore obvious  that  it  would  be  more  advantageous  to 
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employ  coal  instead  of  zine,  e^en  if  the  latter  pro- 
duced  four  times  as  much  force  in  a  galTanic  pile,  aa 
an  equal  weigbt  of  coal  by  its  combustion  under  & 
boiler.  Indeed,  it  is  highly  probable,  that  if  we  were 
to  burn  under  tlie  boiler  of  a  Bteam-engine  the  quau- 
tity  of  cual  required  for  amelting  the  zinc  from  iU  ores, 
ve  should  produce  far  more  force  than  the  whole  of 
the  zinc  so  obt&ined  couid  originate  in  any  form  of 
apparatus  whatever. 

Heat,  electricity,  and  magnetism  are  equivalent  to 
each  other,  just  as  carbon,  zinc,  and  oxygen  ore.  By 
a  certain  measure  of  electricity  we  produce  a  corre- 
sponding  proportion  of  beat  or  of  magnetic  power, 
equivalent  (o  each  other  -and  to  the  electricity  pro- 
ducing them ;  we  purchase  that  electricity  with 
chemical  affiuitj,  wliich  in  one  shape  produces  heat, 
in  auotlier  electricity  or  magnetism.  A  oertMO 
amount  of  affinity  produces  an  equivalent  of  elec- 
tricity, in  the  Bame  manner  as,  on  the  other  hand, 
we  decompose  equivalents  of  chemical  compounds  by 
ft  definite  measure  of  electricity.  The  cost  of  the 
magnetic  furce  is,  tkerefore,  in  this  case,  the  cost  of 
the  chemical  affinity.  Zinc  and  Bulpburio  acid  yield 
us  chemical  affinity  in  one  form  ;  ooaU,  with  a  due 
supply  of  air,  in  another. 

It  is  true  that,  with  a  very  small  eipenditure  of 
zinc,  we  can  make  an  iron  wire  a  magnet  capable  of 
sustaining  a  thousand  pounds  weight  of  iron.  Let  us 
not  allow  ourselves  to  be  misled  by  this  :  such  a 
magnet  could  not  raise  a  single  pound  weight  of  iron 
two  inches,  and  therefore  could  not  impart  motion. 
The  magnet  acts  lilte  a  rock,  which,  while  at  rest, 
presses  with  a  weight  of  a  thousand  pounds  upon  its 
support :  it  is  Uke  an  enclosed  lake,  without  an  outlet 
and  without  a  fall.  But  it  may  be  said,  we  have,  by 
mechanical  arrangements,  given  it  an  outlet  and  a 
fall.  True ;  and  this  must  be  regarded  as  a  great 
triumph  of  mechanics  ;  and  I  believe  it  is  susceptible 
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of  further  improvemeaU,  bj  irhich  greater  force  me,j 
be  obtained.  But  it  remains  certain  that,  irith  the 
exception  perhaps  of  the  boiler,  notbiag  in  our 
machines  will  bo  altered  on  this  accoant,  and  that, 
even  with  onr  present  fonn  of  boiler,  one  pound  of 
ooal,  under  the  boiler  of  a  steam-engine,  will  give 
motion  to  a  mass  several  hundred  times  greater  thao 
«  pound  of  zinc  in  the  galvanic  pile.* 

Our  eiperience  of  the  employment  of  electro- 
maguetiBm  as  a  motor;  power  ia,  however,  too  recent 
to  enable  us  to  foresee  the  ultimate  results  of  con- 
trivances to  applj  it ;  and,  therefore,  those  who  have 
devoted  themselves  to  solve  the  problem  of  its  appli- 
cation  should  not  be  discouraged,  inasmuch  as  it 
would  undoubtedly  be  a  most  important  achievement 
to  enable  us  to  avoid  the  danger  of  explosions,  even 
at  double  their  expense. 

Professor  Weber,  of  Gottingeo,  has  thrown  out  a 
suggestion,  that  if  a  contrivance  could  be  devised  to 
enable  us  to  convert  at  widl  the  wheeU  of  the  steam- 
earriage  into  magnets,  we  should  be  enabled  to  ascend 

i  and  descend  acclivities  with  great  facilitj.     This  will 

\  some  day  bear  its  fruits. 

The  empbyment  of  the  galvanic  pile  as  a  motorj 
power,  however,  must,  like  every  otier  cootrivance, 
depend  upon  the  question  of  its  relative  economy : 
probably  some  time  hence  it  may  so  far  succeed  as  to 
be  adopted  in  certain  favourable  localities  ;  it  may 

*  AccordingtomUtsniDatm  tbs  lapplinieiitto  lbs  "Allgeineiiis 
Zeitung,"  No. -214,  (1849?)  Juobi,  in  the  course  of  1843  uid 
1849,  hu  constructed  ui  electn-mignelic  macbinB,  bf  meuia  of 
which  H  bOBt  coniaiaing  twelie  men  could  be  set  in  motion,  tod 
Iha  sf^t  of  vhich  wu  citiDiated  u  equnl  to  raising  24,000  lb>.  to 
tbe  height  o[  ono  foot  in  ono  minute :  bat  tbii  effect  cunot  bo 
compared  to  thit  of  even  the  undlest  >teua-enginB ;  liuce  it 
■mount!  to  on]  J  }tbi  of  one  faDne-poatei  (one  horK-power=  JOOlbi. 
loised  onefootiaoneKcDtid).— J.  L.  Then  comei  the  quealioa 
of  the  coit  of  this  power,  which  ipparentljr  im  oat  been  itued,  but 
U  probabl;  verf  ccoflidenble . — W.  G, 
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Stand  in  tlie  Barae  relation  to  Bteam  power  as  ttie 
manufacture  of  beet  sugar  bears  to  that  of  cane,  or 
B,i  the  production  of  gas  from  oils  and  resins  to  that 
from  mineral  coal. 

The  history  of  beet-root  sugar  affords  us  an  excel- 
lent illustration  of  the  effect  of  prices  upon  commercial 
productions.  This  branch  of  industry  seems  at  length, 
as  to  its  processes,  to  be  perfected.  The  most  beau- 
tiful white  sugar  is  now  manufactured  from  the  beel^ 
root,  in  the  place  of  the  treacle-like  sugar,  having  the 
taste  of  the  root,  which  was  first  obtained ;  and  instead 
of  3  or  4  per  cent.,  the  proportion  obtained  by 
Acbard,  double  or  even  treble  that  amount  ie  now 
produced.  And  notwithstanding  the  perfection  of  the 
manufacture,  it  is  probable  that  it  will  ere  long  be  in 
most  places  entirely  discontinued. 

The  financial  laws  of  continental  states  have 
selected  sugar  as  an  article  to  be  taxed  on  importa- 
tion ;  and  the  governments  of  the  states  forming  the 
German  Customs  Union  (Zollverein)  received,  as  duty 
on  1,200,000  ewts.  of  sugar,  imported  in  1846, 
10,500,000  florins  (S75,000i.),  which  made  a  part  of 
the  sum  required  for  the  expenditure  of  these  states. 
In  the  same  year  ninety-six  manufacturers  of  beet- 
root sugar  in  the  union  producftd  334,320  cwts.  of 
sugar,  horn  4,446,469  cwts.  of  beet-root,  and  this 
sugar  was  consumed  within  the  union  at  the  same  price 
as  the  sugar  imported  from  tropical  countries.  Had  this 
beet-root  sugar  not  been  produced  at  home,  an  equal 
weight  of  sugar  would  have  been  imported.  In  that 
case,  the  state  would  have  received  2,400,000  florins 
(120,000;.)  at  the  rat«  of  8j  florins  per  cwt.,*  whict 
sum  was  paid  to  the  manufacturers  of  beet-root  sugar 
in  the  price  of  the  sugar.    Instead,  therefore,  of  about 

*  The  mmnufkctrnvn  formerly  paid  b  tu  of  one  thaler  (three 
ehillinp)  ou  20  cwl.  of  beet-root;  now  tbejpij  twolhllen,  on  ths 
Buppogition  that  20  parta  of  heet-root  jieJd  1  part  of  eu^ ;  bat 
the;  obtain  one  part  of  lugar  from  14  or  15  of  beet-root. 
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13  millioDB  of  florins,  which  the  state  wouW  t'len 
have  received,  it  receiTed  only  lOi  miliions  ;  and  it 
ia  plain  that  without  the  deficit  of  about  Si  millioiui, 
other  taxes  might  have  been  diminished  to  that  extent. 
The  inhabitants  of  the  union,  therefore,  paid  2\ 
millions  of  florins  to  the  beet- root  sugar  manufacturera, 
and  2i  niilliona  in  other  taxes.  Each  of  the  ninety- 
six  maQufacturerB  receired,  on  an  average,  about 
25,000  florins  (20001.)  from  the  population,  without 
the  tatter  having  derived  any  advantage  whatever 
from  the  payment.  The  satisfaction  of  sating  sugar 
grown  on  our  own  soil  is  therefore  purchased  by  a  not 
inconsiderable  sacrifice.  Were  all  the  sugar  now 
consumed  in  the  union  produced  at  home,  the  deficit 
in  the  revenue  would  amount  to  Si  millions.  Whether 
it  would  be  possible,  under  these  circumstances,  to 
raise  17  millions  of  florins  in  the  shape  of  taxes  within 
the  union, — namely,  8i  millions  for  the  manufacturera 
of  beet-root  sugar,  and  a  like  sum  for  the  other  taxes, 
which  could  be  spared  were  all  the  sugar  Imported, 
— is  a  quesUoD  which  we  may  here  leave  unanswered. 

Let  UB  imagine  that  the  states,  in  order  to  supply 
ns  with  sugar,  had  to  keep  up,  at  an  expense  of  Si 
millions  of  florins  annually,  raised  in  the  form  of  taxes, 
a  prodigious  hot-house  for  the  growth  of  the  sugar- 
cane,  and  we  shall  soon  see  that  the  discovery  of  an 
island  where  the  sugar-cane  grows  wild,  and  can  be 
cultivated  easily  and  at  a  trifling  expense,  would  be 
hailed  as  a  most  fortunate  event,  especially  if  that 
island  undertook  to  supply  our  whole  demand  for 
sugar  at  such  prices  as  would  enable  us  to  save  the 
whole  outlay  for  our  hot-house.  Every  man  would 
profit,  because  the  taxes  could  be,  without  any  loss  or 
disadvantage  whatever,  reduced  to  the  extent  of  8i 
millions  of  florins. 

It  maj  be  urged,  that  the  manufacture  of  beet' 
root  sugar  has  a  future  ;  that,  if  fully  developed, 
it  might  acquire  sufficient  vigour  to  supply  the  annual 
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expense  iDcurred  by  the  hot-house,  and  that  it  would 
then  yield  to  the  state.  In  &  tax,  as  much  as  the 
manufacturers  receive  from  the  consumers.  But  this 
is  hardly  probable  ;  for  the  future  belongs,  not  to  the 
beet-root  sugar,  but  to  the  cane  sugar. 

On  an  acre  of  the  best  land,  for  which  a  yearly 
rent  of  50  florins  (about  il.  3s.  Sd.)  is  paid,  there  is 
obtained,  in  the  environs  of  Magdeburg,  on  an 
average,  10  cwt.  of  sugar,  costing  in  coals  for  its 
manufacture,  besides  the  wages  of  labour,  the  pnce 
of  40  cwt.  of  coals.  The  beet-root  contuns  10  per 
cent,  of  sugar,  and  of  this  71  per  cent,  are  obtained. 
The  possible  improvement,  therefore,  can  only  refer 
to  the  obtaining  of  2)  per  cent,  of  sugar,  now  lost. 

An  acre  of  land  in  the  colonies,  the  rent  of  which 
is  less  than  one-tenth  of  the  rent  iu  Europe,  yields 
annually  from  315  to  350  cwt.  of  sugar-cane,  (25  Ut 
30  tons  per  acre. — Wray),  yielding  70  to  80  per  cent, 
of  juice,  in  which  are  contained  20  per  cent,  of  sugar. 
The  acre  of  land,  therefore,  produces,  in  the  house  of 
the  sugar-cane,  40  to  50  cwt.  of  sugar,  while  the 
pressed  residue  furnishes  nearly  the  whole,  or  the  whole, 
of  the  fuel  necessary  for  the  extraction  of  the  sugar. 

For  ei^ual  periods  of  vegetation,  and  equal  surfaces, 
the  absolute  yield  of  sugar  from  the  soil  in  the  case 
of  the  sugar-cane  is  more  than  twice  as  great  as  in 
the  case  of  the  beet-root. 

The  makers  of  beet-root  are  in  adrance  of  the 
colonists  in  having  better  processes,  that  is,  in  saving 
labour  ;  they  have  a  climate  better  adapted  to  the 
working  up  of  the  juice  ;  and  they  have,  perhaps,  in 
general  more  intelligence.  But  that  the  manufacture 
of  beet-root  sugar  continues  among  us  at  all,  is  owing 
to  accidental  circumstances,  the  duration  of  which  is 
quite  uncertain.  The  planters  of  the  colonies  are 
already  infinitely  better  informed  than  formerly ',  an 
entire  revolution  in  their  methods  has  begun ;  they 
will  cease  to  be  negligent  and  wasteful.     It  is  <]iuta 
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InconceiTable  that  tliey  should  conlinue  as  hitherto, 
out  of  the  20  per  cent,  of  eugar  in  the  cane  juices,  to 
lose  12  and  to  gaio  odI;  8  per  cent.  The  discovery 
of  a  simple  means  of  preTenting  the  fermentation  of 
the  juice  in  hot  climates,  and,  as  a  conseqaence,  an 
increBBed  return  of  sugar,  even  to  the  extent  of  only 
4  percent.,  would  suffice  to  render  the  manufactDTe  of 
beet-root  augar  in  Europe  imposBible,  economically 
speaking.  It  is  for  this  reason  that  the  latter  has  no 
future  to  look  to. 

Uoney  no  longer  makes  the  wealth  of  a  nation, 
and  if  the  T&lley  of  the  Rhine  possessed  mines  of 
diamonds  as  rich  as  those  of  Goloonda,  Visiapoor,  or 
the  Brazils,  they  would  probably  not  be  worth  the 
working :  at  those  places  the  cost  of  extraction  is  28i. 
to  30j.  the  carat.  With  ub  it  amounts  to  three  or 
four  times  as  much — to  more,  in  fact,  than  diamonds 
are  worth  in  the  market.  The  sand  of  the  Rhine 
contains  gold ;  its  proportion  of  gold,  however,  being 
ten  times  less  than  that  of  the  gold  sands  in  Siberia, 
and  thirty-seven  times  less  than  that  of  the  gold  sands 
of  Chili  (Daubr^e);  and  in  the  Grand  Duchy  of  Baden 
many  persons  are  occupied  in  gold-washing  when 
wages  are  low ;  but  as  soon  as  they  rise,  this  employ- 
ment ceases.  The  manufacture  of  sugar  from  beet- 
root, in  like  manner,  offers  advantages  which  will 
soon  exist  no  longer :  instead,  therefore,  of  maintain- 
ing it  at  a  great  sacrifice,  it  would  be  more  reasonable, 
more  in  accordance  with  true  natural  economy,  to 
onltivate  other  and  more  valuable  productions,  and 
with  them  purchase  sugar.  Kot  only  would  the  state 
be  a  gainer,  but  every  member  of  the  community. 
This  argument  does  not  apply,  perhaps,  to  France 
and  Bohemia,  where  the  prices  of  fuel  and  of 
colonial  sugar  ore  very  different  from  those  in 
Germany. 

The  manufacture  of  gas  for  lighting,  from  coals, 
resin,  and  oils,  stands  with  us  on  the  same  barren 
ground. 
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The  price  of  the  materiftlB  from  which  gaa  id 
mannfaetnred  in  England  bears  a  direct  proportion  to 
the  price  of  com  :  talloir  and  oil  are  ool;  other  forms 
of  food  for  cattle  and  rent.  There  the  cost  of  tallow 
and  oil  is  twice  as  great  as  in  Gennanj,  but  iron  and 
coal  are  two-thirds  cheaper ;  and  even  in  England 
the  manufacture  of  gas  is  only  advantageous  when  the 
other  products  of  the  distillation  of  coal,  the  coke,  ha,, 
can  be  sold. 

It  would  certainly  \m  esteemed  one  of  the  greatest 
discoTeries  of  the  age  if  any  one  could  succeed  in 
condensing  coal  gas  into  a  white,  dry,  solid,  odourless 
substance,  portable,  and  capable  of  being  placed  upon 
&  candlestick,  or  burned  in  a  lamp.  Wai,  tallow, 
and  oil,  are  combustible  gases  in  a  solid  or  fluid  form, 
which  offer  many-  advantages  for  lighting,  not 
possessed  by  gas :  they  furnish,  iu  well-constructed 
lamps,  as  much  light ;  their  combustion  is  always 
preceded  by  their  conversion  into  gas,  without  requir- 
ing the  expensive  apparatus  necessary  for  the  pro* 
duction  of  coal-gas,  and  they  are  generally  more 
economical.  In  large  towns,  or  snch  establishments 
as  hotels,  where  coke  is  in  demand,  and  where  losses 
in  stolen  tallow  or  oil  must  be  considered,  together 
with  the  labour  of  snuffing  candles  and  cleaning 
lamps,  the  higher  price  of  gas  with  us  is  compensated. 
But  even  then  a  great  part  of  the  profit  depends  on 
the  sale  of  the  coke.  Where  the  coke  cannot  be  sold, 
loss  is  to  he  expected.  In  places  where  gas  can  be 
manufactured  from  resin,  oil  of  turpentine,  and  other 
cheap  oils,  as  at  Frankfort,  this  is  advantageous  so 
long  as  it  is  pursued  on  a  small  scale  only.  If  large 
towns  were  lighted  in  the  same  manner,  the  materials 
would  rise  in  price  :  the  whole  amount  at  present 
produced  would  scarcely  suffice  for  two  such  towns  as 
Berlin  and  Munich.  But  no  just  calculation  can  be 
made  from  the  present  prices  of  turpentine,  resin,  i^., 
which  are  not  prodaced  upon  any  large  scale,  and 
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the  produntion  of  which  cajiDot  well  be  made  the 
object  of  industrial  eiertion. 

In  the  Electorate  of  Hesse,  gas-light  might  be 
most  adrsntageouBlj  obtMtied  from  the  excellent  coat 
of  Schmalkaldeo,  and  it  is  precisely  there  that  it  is 
unknown.  lustead  of  converting,  as  at  preaont,  these 
coala  into  coke  at  the  mouth  of  the  pita,  and  throwing 
away  the  gaseous  products,  it  would  unquestionably 
be  better  and  more  profitable  to  send  the  coals  to 
Cassel,  there  to  convert  them  into  coke  by  ignition  in 
retorts,  and  to  use  the  gas  on  the  spot  for  lighting 
the  town. 


"Until  very  recently  it  was  supposed  that  the  physical 
qualities  of  bodies,  t.  e.  hardness,  colour,  density, 
transparency,  &<:.,  must  depend  upon  the  nature  of 
their  elements,  or  upon  their  composition.  No  one 
could  imi^ine  to  himself  one  and  the  same  body  in 
two  different  states,  and  it  was  tacitly  received  as  a 
principle,  that  two  bodies  containing  the  same  elements 
in  the  same  proportion,  must  of  necessity  possess  the 
same  properties.  How  could  it  be  possible,  otherwise, 
for  the  most  ingenious  philosophers  to  regard  chemical 
combination  as  an  inter-penetration  of  the  particles  of 
di^rent  kinds  of  matter,  and  matter  as  susceptible  of 
infinite  division  ?  There  never  was  a  greater  error. 
If  matter  were  infinitely  divisible  in  this  sense,  its 
particles  must  be  imponderable,  and  billions  of  such 
molecules  could  not  weigh  more  than  an  infiaitely 
Huall  one.  But  even  the  particles  of  that  imponder- 
able matter,  which,  striking  upon  the  retina,  produce 
that  sensation  which,  when  it  has  reached  the  inner 
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coDEciousneBs,  is  recognised  &g  ligbt,  are  not  in  i 
mathematic&l  sense  infioitelj  small. 

Inter-penetratioD  of  elements  in  tbe  production  of 
a  chemical  compound,  supposes  two  distinct  bodies, 
A  and  B,  to  occupy  one  and  the  same  space  at  the 
same  time.  If  this  were  so,  diderent  properties  could 
not  consist  with  identity-of  composition. 

That  hypothesis,  however,  has  shared  the  fate  of  all 
the  views  of  natural  phenomena  entertained  by  the 
philosophers  of  past  times.  It  has  fallen,  lilie  them, 
without  any  one  taking  the  trouble  to  maintain  it. 
The  force  of  truth,  dependent  upon  observation,  is 
irresistible.  A  great  many  Huhstances  have  been 
discovered  amongst  organic  bodies,  composed  of  the 
same  elements  in  the  same  relative  proportionB,  and 
yet  exhibiting  physical  and  chemical  properties  per- 
fectly distinct  one  from  another.  To  such  substances 
the  term  Isomeric  (from  uros  equal  and  lupos  part)  is 
applied.  A  great  class  of  bodies,  known  as  the  vola- 
tile oils,  oil  of  turpentine,  essence  of  lemons,  oil  of 
balsam  of  copaiba,  oil  of  rosemary,  oil  of  juniper,  and 
many  othera,  differing  widely  from  each  other  in  their 
odour,  in  their  medicinal  effects,  in  their  boiling  point, 
in  their  specific  gravity,  &c.,  contain  the  same 
elements,  carbon  and  hydrogen,  in  the  same  propor- 
tions. No  one  of  them  contains  more  of  either  element 
than  the  others  do. 

How  admirably  mmple  does  the  chemistry  of  organic 
nature  present  itself  to  ua  from  this  point  of  view  ! 
An  extraordinary  variety  of  the  most  remarkable 
compound  bodies  is  produced  with  equal  weights  of 
two  elements!  and  how  wide  their  dissimilarity  !  The 
crystallised  part  of  the  oil  of  roses,  the  delicious  fra- 
grance of  which  is  to  well  known,  a  solid  at  ordinary 
temperatures,  although  readily  volatile,  is  a  compound 
body  containing  exactly  the  same  elements,  and  in 
the  same  proportions,  as  the  gas  we  employ  for  lighting 
our  streets  ;  and,  in  short,  the  same  elements,  in  the 
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same  relative  quantities,  are  fouud  in  a  dozen  other 
compounds,  all  differing  eaBeDtiolly  in  their  physical 
and  chemicftl  properties. 

These  remarkable  truths,  bo  highly  important  in 
their  applications,  were  not  received  and  admitted  as 
Buffioiently  eatablished,  without  sufficient  proofs.  Many 
examples  have  long  been  known  where  the  auatysis  of 
two  different  bodies  gave  the  same  composition  ;  but 
gnch  coses  were  isolated  ohservntiona,  homeless  is  the 
realms  of  science  :  until,  nt  length,  examples  were 
discovered  of  two  or  more  bodies  whose  absolute 
identity  of  composition,  with  totally  distinct  proper- 
ties, could  be  demonstrated  in  a  more  obvious  and 
conclusive  manner  than  bj  mere  analysis ;  that  is, 
they  can  be  converted  and  reconverted  into  each 
other  without  addition  and  without  subtraction. 

In  cyanuric  acid,  hydrated  cyanic  acid,  and  cyame~ 
lide,  we  have  three  such  isomeric  compounds. 

Cyanuric  acid  is  crystalline,  soluble  in  water,  and 
capable  of  forming  salts  with  metallic  oxides. 

Hydrated  cyanic  acid  is  a  volatile  and  highly 
corrosive  fluid,  which  cannot  he  brought  into  contact 
with  water  without  being  iuBtautanoously  decomposed. 

Cyamelide  is  a  white  substance  very  like  porcelain, 
ttbsolntely  insoluble  in  water. 

Now  if  we  place  the  first, — cyanuric  acid, — in  a 
vessel  hermetically  sealed,  and  apply  a  high  degree  of 
heat,  it  is  converted  by  that  influence  into  hydrated 
cyanic  acid  ;  and,  then,  if  this  is  kept  for  some  time 
at  the  common  temperature,  it  passes  into  cyamelide, 
no  constituent  being  separated,  nor  any  body  taken 
up  from  without.  And,  again,  inversely,  cyamelide 
can  be  converted  into  cyanuric  acid  and  hydrated 
cyanic  acid. 

We  have  three  other  bodies  wbich  pass  through 
Bimilar  changes,  in  aldehyde,  metaldehyde,  and  elal- 
dehyde  ;  and  again  two,  in  urea  and  cyanate  of 
ammonia.     Further,  100  parts  of  aldehyde,  hydrated 
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butyric  acid,  and  acetic  ether,  contain  the  ean 
in  the  Batne  proportion.  Thus  one  substance  may  be 
converted  into  another  without  the  Beparation  of  any 
of  its  elements,  and  without  the  introduction  of  any 
foreign  body. 

The  doctrine  that  matter  is  not  infinitely  divisible, 
but,  on  the  contrary,  consists  of  atoms  incapable  of 
further  divisiou,  alone  furniBbes  us  with  a  satisfactory 
explanation  of  these  phenomena.  In  chemical  com- 
binations, the  ultimate  atoms  of  bodies  do  not  pene- 
irate  each  other,  they  are  only  arraaged  side  by  side 
in  ft  certain  order,  and  the  properties  of  the  com- 
pound depend  entirely  upon  this  order.  If  they  are 
made  to  change  their  place — tbeir  mode  of  arrange- 
ment— by  an  impulse  from  without,  they  combine 
again  in  a  different  manner,  and  another  compound 
is  formed  with  totally  different  properties.  We  may 
suppose  that  one  atom  combines  with  one  atom  of 
another  element  to  form  a  compound  atom,  while  in 
Other  bodies  two  and  two,  four  and  four,  eight  and 
eight  are  united  ;  so  that  in  all  such  compounds  the 
amount  per  cent,  of  the  elements  is  absolutely  equal  ; 
and  yet  their  physical  and  chemical  properties  must 
be  totally  different,  the  coustitution  of  each  atom 
being  peculiar,  in  one  body  consisting  of  two,  in 
another  of  four,  in  a  third  of  eight,  and  in  a  fourth 
of  sixteen  simple  atoms. 

The  discovery  of  these  facts  immediately  led  to 
many  most  beautiful  and  interesting  results ;  they 
furnished  ua  with  a  satisfactory  explanation  of 
obserrations  which  were  before  veiled  in  mystery, — 
a  key  to  many  of  Nature's  most  curious  recesses. 

Again  ;  solid  bodies,  whether  simple  or  compound, 
are  capable  of  existing  in  two  states,  which  are 
known  by  the  terms  amorpho\u  and  ci-yitalUne. 

When  matter  is  passing  from  a  gaseous  or  liquid 
state  slowly  into  the  crystalline  form,  an  incessant 
motion  ia  observed,  as  if  the  molecules  were  minute 
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magnets ;  thej  are  seen  to  repel  each  other  in  one 
direction,  and  to  attract  and  cohere  together  m 
another,  and  in  the  end  become  arranged  into  a 
regular  form,  which  under  the  Bame  circumstances  is 
always  the  same  for  any  given  kind  of  matter  ;  that 
is,  crystals  are  formed.  But  this  does  not  atwaja 
happen,  when  gaseous  or  liquid  matter  asBumes  the 
solid  form. 

Time  and  ^eedom  of  motion  for  the  particles  of 
bodies  are  necessary  to  the  formation  of  crystals.  If 
we  force  a  fluid  or  a  gas  to  become  suddenly  solid, 
leaving  no  time  for  its  particles  to  arrange  themsetveB, 
and  cohere  in  that  direction  in  which  the  cohesire 
attraction  is  strongest,  no  crystala  will  be  formed, 
but  the  resulting  solid  will  have  a  different  colour,  a 
different  degree  of  hardness  and  cohesion,  and  will 
refract  light  differently.  Thus  we  have  cinnabar  as 
a  red  and  a  jet-btack  substance  ;  sulphur  a  fixed  and 
brittle  body,  and  soft,  semitransparent,  and  ductile  ; 
glass  as  a  milk-white  opaque  substance,  so  hard  that  it 
strikes  fire  with  steel,  and  in  its  ordinary  and  well- 
known  transparent  stale,  with  conchoidal  fracture. 
These  dissimilar  states  and  properties  of  the  same 
body  are  occa»oned  in  one  case  by  a  regular,  in  the 
other  by  an  irregular  arrangement  of  its  atoms  ;  one 
is  crystalline,  the  other  amorphous. 

Applying  these  facta  to  natural  productions,  we 
have  reason  to  believe  that  clay-slate,  and  many 
kinds  of  greywacke,  are  amorpbous  feld-spor,  mica 
slate,  or  granite  ;  aa  transition  limestone  ia  amor- 
phous marble,  basalt  and  lava  mixtures  of  amorphous 
Eeolite  and  angite.  Anything  that  influences  the 
cohesion,  must  also  in  a  certain  degree  alter  the 
properties  of  bodies.  Carbonate  of  lime,  if  crystal- 
lised at  ordinary  temperatures,  posseaaea  the  crystal- 
line form,  hardneas,  and  refracting  power  of  common 
calcareous  spar  ;  if  cryatalliaed  at  a  higher  tempera- 
ture, it  has  the  form  and  properties  of  arragonite. 
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Finally,  Isomorphism,  or  the  identity  of  form  in 
manj  chemical  compounds  having  a  different  compo- 
Bition,  tends  to  proTo  that  matter  consists  of  atoms, 
the  mere  arrangement  of  which  produces  all  the 
properties  of  bodies.  Might  ire  not  akoost  inquire 
whether  some  of  those  bodies  which  we  regard  as 
elements  may  not  be  merely  modifications  of  the 
Bame  substance  t — whether  they  are  sot  the  same 
matter  in  a  different  state  of  arrangement  ? 

Iron  and  manganese,  cobalt  and  nickel,  platinum 
and  iridium,  occur  almost  always  aasociated  re- 
spectively in  pairs  in  the  same  minerals ;  they 
possess,  in  each  pair,  many  properties  in  common  ; 
and  the  equivalents  or  atomic  weights  of  each  pair 
are  the  same.  The  atomic  weights  of  chlorine  and 
iodine,  added  together,  and  divided  by  two,  give 
almost  exactly  that  of  bromine,  which,  in  its  physical 
and  chemical  properties,  stands  between  them.  In 
like  manner,  the  mean  number  between  those  repre- 
senting the  equivalents  of  potassium  and  lithium,  is 
very  nearly  that  of  sodium.  Phosphorus,  which  is 
regarded  as  an  elementary  body,  is  known  in  two 
states,  and  the  same  is  true  of  cyanogen,  which 
exhibits  all  the  chemical  properties  of  an  elementary 
body,  except  that  we  can  show  it  to  be  a  compound. 

When  phosphorus  is  kept  for  a  time  near  its  boiling 
point,  air  being  excluded,  it  undergoes  a  true  coagu- 
lation, and  at  the  same  time  a  change  in  its  most 
striking  properties.  In  its  ordinary  state  it  is 
colourless,  easily  fusible,  very  inflammable,  luminous 
in  the  dark  (when  iu  contact  with  air),  and  slowly 
passes,  by  oxidation,  into  a  deliquescent  acid  ;  but 
when  kept  for  a  time  at  a  temperature  between  464° 
and  482'  F.,  it  becomes  solid,  brownish  red,  much 
less  easily  combustible,  and  is  not  changed  in  moist 
air.  Common  phosphorus  dissolves  in  all  proportions 
in  bisulphuret  of  carbon  ;  the  altered  phosphorus  is 
insoluble  in  that  litinid.    The  former  b  reiy  poisonous ; 
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the  latter,  ia  the  same  dose,  has  no  action  on  the 
animal  Eystem,  as  has  been  proved  bj  experiments 
made  on  dogs.  If  under  tlie  name  of  phoBphoruB  we 
nnderstand  the  conceptioo  of  certain  properties,  it  ie 
easy  to  aee  that  the  altered  phosphorus  would  not  be 
entitled  to  that  name  ;  if  it  were  not  that  we  are  able 
to  restore  to  it  all  the  original  properties  and  destroj 
the  new  ones,  for  at  a  low  red  heat  the  altered 
phoaphomH  is  reconverted  into  ordinary  phosphorus. 

A  similar  transformation  occurs  in  the  case  of 
cyanogen.  This  compound  ia,  in  its  more  nsual 
form,  a  gas  at  ordinary  temperature,  colourless, 
easily  inflammable,  and  burning  with  a  peculiar  red 
flame  ;  it  ia  condensed  into  a  liquid  by  intense  cold. 
But  when  cyanogen  gas  is  prepared  by  heating  the 
bicyanide  of  mercury,  a  part  of  the  liberated  cyanogen 
is  converted  into  a  dark  brown  solid  body,  which  is 
very  difficultly  combustible,  but  which,  when  exposed 
to  a  strong  red  heat,  is  reconyerted  into  ordinary 
gaseoos  cyanogen. 

In  like  manner,  liquid  chloral  becomes,  when  left 
to  itself  at  the  ordinary  temperature,  solid,  white,  and 
porcelain-like,  and  may  then  be  reconverted,  at  a 
higher  temperature,  into  its  original  form.  Styrole, 
a  colourleBS,  highly  volatile  liquid,  soluble  in  alcohol 
and  ether,  becomes,  when  heated,  aolid>  transparent 
like  glass,  insoluble  in  alcohol,  and  very  sparingly 
soluble  in  ether.  Heated  more  strongly,  the  latter 
body,  solid  styrole,  is  reconverted  into  the  original 

Phosphorus,  in  its  relation  to  heat,  is  perfectly 
analogous  to  the  bodies  just  mentioned.  Now,  what 
is  the  cause  of  these  transformations  in  the  properties 
of  this  element  ?  What  is  the  mysterious  part  played 
here  by  heat  t  We  can  explain  difference  of  pro- 
perties in  two  componnds  of  the  same  composition,  by 
a  difference  in  tbe  arrangements  of  their  atoms  ;  and 
this  view,  in  many  oases,  is  unquestionably  correct. 
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But  hoir  is  it  witli  phosphoraa,  which  we  must  regard 
as  an  elementaiy  body  ?  Ib  phosphorus,  perhaps, 
reaUy  a  compound  ?  These  remarkable  pheDomeua 
are  as  yet  obviouslj  nnezplained  ;  but  they  open  up 
to  UB  a  world  of  aew  ideas. 


LETTER  XrV. 


Neither  heat,  electricity,  nor  the  vital  force, -are 
capable  of  connecting  the  particles  of  two  dissimilar 
elements  into  a  group, — of  uniting  tfaem  into  a  com- 
ponnd  ; — this,  the  chemical  force  alone  is  able  to 
accomplish. 

Everywhere  in  organic  nature,  in  all  combinations 
which  are  prodoced  in  the  liring  animal  or  vegetable 
organisms,  we  meet  with  the  same  laws,  we  find  the 
game  fixed  and  immutable  combining  proportions,  as 
in  inorganic  nature. 

The  substance  of  brain,  of  muscle,  the  constituents 
of  blood,  of  milb,  of  bile,  &c.,  are  compound  atoms, 
the  formation  and  duration  of  which  depend  upon  the 
affinity  which  acts  between  their  ultimate  particles, — 
their  component  elements.  It  is  affinity,  and  no  other 
power,  which  causes  their  aggregation.  Separated 
from  the  liTing  body,  withdrawn  from  the  influence  of 
the  tital  force,*  it  is  the  chemical  forces  alone  which 

*  The  term  "  rjul  force,"  in  the  presetit  tUte  of  Kisnai,  doc> 
not  denote  ■  forte,  per  it,  u  He  iniij  auppots  the  lenna  electricity 
or  Toagnetisni  to  do ;  but  it  i«  a  collective  teroi,  embr^ng  all  thoao 
CAuees  on  wbLch  the  vital  properties  depend.  Tn  this  seiiM  it  le  u 
jml,  and  may  be  uied  with  at  mutli  propriety,  at  the  name  and  idea 
of  the  "  force  of  affinity,"  or  «  chemical  force,"  which  denotes  the 
oiliee*  of  chemical  pbenomena  ;  of  nhich  we  know  quite  aa  little 
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detennine  the  cooditionfi  of  their  ulterior  eiieteoce. 
Upon  these  depend,  according  to  their  enei^  and 
direction,  the  sb'ength  or  weakoess  of  the  resistance 
which  the  J  oppose  to  external  causes  of  perturhation, 
— to  forces  tending  to  annihilate  the  chemical  attrac- 
tion existing  between  their  component  elements.    But 

UQHT,  SEAT,  the  TITAL  FORCE,  the  FORCE  OF  COHESION, 

and  the  force  of  qravitt,  exercise  a  most  decided 
infiuence  upon  the  numher  of  the  simple  atoms  which 
unite  to  fonn  a  compound  atom,  and  upon  the  manner 
of  their  arrangement.  Thej  detennine  the  form,  the 
propertieE,  the  characteristic  qualities  of  the  combina- 
tions, precisely  because  the;  are  able  to  communicate 
motion  to  atoms  at  rest,  and  to  annihilate  motion  by 
resistance. 

Light,  heat,  the  vital  force,  the  electric  and  mag- 
netic forces,  the  power  of  gravity,  manifest  themselves 
as  forces  of  motion  and  of  reaistance,  and  as  such, 
change  the  directioD,  and  vary  the  strength,  of  the 
chemical  force  ;  they  are  capable  of  elevating  this 
force,  of  diminishing  of  even  of  annihilating  it. 

Mere  mechanical  motion  suffices  to  impart  a  definite 
direction  to  the  cohesive  attraction  of  crystallising 
substances,  and  to  modify  the  force  of  affinity  in  che- 
mical combinations.  We  may  lower  the  temperature 
of  water,  when  completely  at  rest,  far  below  the 
freezing-point,  without  causing  it  to  crystallise.  When 
in  this  state,  the  mere  touch  with  a  needle's  point 
suffices  to  convert  the  whole  mass  into  ice  in  r 
moment.  In  order  to  form  crystals,  the  smallest 
particles  of  bodies  most  be  in  a  state  of  motion  ;  Ihey 
must  change  their  place,  or  position,  to  bo  able  to 
arrange  themselves  in  the  direction  of  their  most 
powerful  attraction.  Many  hot,  saturated  saline  solu- 
tions deposit  no  crystals  on  cooling,  when  completely 
at  rest ;  the  smallest  particle  of  dust,  or  a  grain  of 
sand,  thrown  into  the  solution  suffices  to  induce  crys- 
talliaation.     The  motion  once  imparted  propagates 
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itself.  The  atom  to  irbich  motion  has  juet  been 
communicated  imparts  the  same  impulse  to  the  next, 
and  in  this  way  the  motion  spreads  throughout  all 
the  atoms  of  the  masa. 

When  ne  bring  metallic  mercurj  into  a  Bolution  of 
Bulpburet  of  potasuum,  its  surface  becomes  imme- 
diately corered  with  black  amorphouB  sulphuret  of 
mercury,  and  aa  often  as  thb  film  is  removed  from 
the  surface  it  is  reuewed.  If  we  place  this  mixture 
in  a  well-closed  glass  bottle,  and  attach  this  bottle  to 
the  frame  of  a  saw  in  a  saw-mill,  which  moves  up  and 
down  several  thousand  times  in  an  hour,  the  black 
powder  becomes  conrerted  into  the  finest  red  cinnabar, 
the  constitution  of  which  differs  from  the  black  sul- 
phuret  only  by  its  crystalline  character. 

The  common  oast-iron  of  commerce  owes  its  hard- 
ness, hrittleneas,  and  crystalline  texture  to  its  con- 
taining carbon  ;  pure  iron,  free  from  carboti,  is  but 
very  rarely  crystalllDe.  The  iron  of  meteoric  stones 
differs  from  cast-iron  inasmuch  as  it  possesses,  with  a 
most  decided  crystalline  texture,,  the  greatest  mallea- 
bility, like  a  very  pure  wrought  iron.  But  a  bar  of 
wrought  iron  is  tough  in  breaking,  and  fibrous,  show- 
ing no  cryntalline  texture  in  its  fracture.  Its  smallest 
particles  are  intermixed  without  any  order  or  arrange- 
ment ;  when  it  Ja  polished,  and  its  surface  moistened 
with  an  acid,  it  does  not  exhibit  the  characteristic 
lines  and  markings  of  crystalline  iron.  But  if  this  bar 
be  exposed  for  a  long  time  to  feeble,  but  constantly 
repeated,  strokes  of  a  hammer,  its  atoms  will  be  found 
to  alter  their  position,  and,  through  the  influence  of 
die  mechauical  motion  imparted  to  them,  they  will 
arrange  themselves  in  the  direction  of  their  most 
powerful  attraction  ;  the  bar  will  become  crystalline 
and  brittle,  like  cast  iron,  the  fracture  being  no  longer 
tough  and  fibrous,  hut  smooth  and  shining.  This 
phenomenon  is  manifested  more  or  less  speedily  in 
the  iron  axles  of  locomotive  engines  and  traTelling 
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carriagesi  and  becomea  the  cause  of  aocidenta  which 
cannot  be  foreseen. 

But  it  is  not  only  upon  the  external  form  and 
character,  and  upon  the  arrangement  of  Lomogeneoua 
particlea,  that  mechaaical  forces  have  a  determining 
influence,  hut  aUo  upon  the  manner  of  arrangement 
of  heterogeneous  atoms,  that  is,  upon  theeiistence  of 
chemical  combinations.  The  faintest  friction,  the 
slightest  blow,  causes  fulminating  mercury  and  fulmi- 
nating silver  to  explode ;  the  mere  touch  with  a 
feather  suffices  to  decompoBe  the  ammoniacal  oxide  of 
silver,  or  the  iodide  of  nitrogen.  The  mere  putting 
the  atoms  into  motion  in  these  instances  alters  the 
direction  of  the  chemical  attraction.  Owing  to  the 
motion  imparted,  the  atoms  arrange  tbeinselves  into 
new  groups.  Their  elements  aggregate  anew,  forming 
new  products. 

Far  more  frequent  and  evident  still  is  the  iufiuence 
which  heat  exercises  upon  tbe  manifestation  of  afEnity. 
Inasniuch  aB  it  overcomes  resistances  which  oppose 
themselves  to  the  action  of  afGnity,  it  promotes  and 
effects  tbe  formation  of  chemical  combinations.  When 
heat  opposes,  aa  a  resisting  power,  the  force  of  affinity, 
it  alters  the  direction  of  attraction  ,^~the  arrangement 
of  atoms, — it  prevents  or  annihilates  the  exercise  of 
the  affinity.  The  attraction  which  dissimilar  atoms 
have  for  each  other,  at  lower  degrees  of  heat,  or  lower 
temperatures,  is  different  ^m  that  which  they  have 
at  a  higher  temperature.  In  the  highest  conceivable 
decrees  of  heat,  chemical  combinations  no  longer  take 

When  a  solution  of  common  culinary  salt  in  water 
is  exposed  to  a  very  low  temperatiu%,  the  salt  crystal- 
lises in  fine,  large,  transparent,  and  pellucid  prisms, 
which  contain  38  per  cent,  and  upwards  of  water  in 
cheniical  combination,  whilst  the  crystals  of  tbe  same 
salt  formed  at  common  temperatures  are  always 
anhydrous.     Upon  the  slightest  touch,  the  hydrated 
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cryBtala  lose  tbeir  transparencj,  and  assume  a  milky 
appearance  ;  if  placed  in  the  palm  of  the  hand  &ey 
deliquesce,  and  are  converted  into  a  mass  of  small 
cubes  of  anhydrous  common  salt.  The  inconsiderable 
difference  of  ten  degrees  (centigrade)  in  the  tempera- 
ture causes  the  particles  of  this  crystallising  salt  to 
manifest  an  afSnity  for  water  which  they  do  not 
possess  at  a  somewhat  higher  temperature,  not  even 
at  the  freezing  point  of  water.  The  small  difference  of 
18°  P.,  is,  as  a  resistance  to  affinity,  sufSoient  to 
counteract  its  effects. 

When  carbonate  of  lime  crystallises  from  itB  solu- 
tion in  cold  water,  its  particles  arrange  themsehes 
into  the  form  of  the  Iceland  or  doubly  reti-acting  spar  ; 
when  from  hot  water,  we  obtain  it  in  the  form  of 
arragonite.  Both  these  minerala,  although  so  direrse 
in  their  crystalline  forms,  so  different  in  hardness, 
specific  gravity,  and  power  of  refiecting  light,  contain, 
nerertheless,  absolutely  the  same  proportional  amounts 
of  carbonic  acid  and  of  lime. 

We  see  in  this  instance,  that  particles  of  carbonate  of 
lime  in  becoming  solid,  under  the  influence  of  different 
temperatures,  form  themselves  into  substances  phy- 
sically quite  different.  And  it  is  even  still  more 
remarkable  that,  if  we  enpose  a  crystal  of  arragonite 
to  a  feeble  red-heat,  that  is,  to  a  heat  of  a  higher 
degree  than  that  at  which  it  was  formed,  a  commotion 
or  movement  takes  place  throughout  the  whole  mass 
of  the  crystal,  and  without  the  sUghtest  alteration 
occurring  in  its  weight,  the  entire  crystal  swells  up, 
presenting  the  appearance  of  a  cauliflower,  and 
becomes  converted  into  a  heap  of  powder  composed  of 
minute  crystals,  each  of  which  exhibits  the  rhombo- 
hedral  form  of  common  calcareous  spar. 

The  interior  of  a  hen's  egg  undergoes,  by  the 
influence  of  a  temperature  of  165°,  a  complete  altera- 
tion in  all  its  properties.  The  fluid  albumen,  which, 
in  its  natural  state,  is  nearly  colourless,  presenting 
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only  a  very  feeble  yellow  tint,  aasumee  a  white  appear- 
ance like  porcelain,  and  its  particles  lose  entirely  their 
mobility.  Wo  see  that  this  most  remarkable  change 
takes  place  without  the  addition  of  anything  material, 
and  without  the  witlidrawal  of  any  substance  what- 
ever. Previous  to  the  appticatioo  of  heat,  the  particles 
of  the  albumen  admitted  of  their  being  intermixed 
■with  water  in  every  proportion — they  were  soluble  ; 
but,  in  consequence  of  the  motion  imparted  to  them 
by  heat,  they  have  tost  this  property  ;  their  consti- 
tnent  atoms  have  grouped  themselves  into  a  new  form ; 
and  it  ia  the  manner  of  their  atomic  arrangement 
which  eauEes  this  alteration  in  the  properties  of  the 
albumen.  The  chemical  forces  which  were  active 
between  the  particles  of  albumen,  constitute  the 
ultimate  cause  of  this  new  mode  of  arrangement, — of 
these  new  physical  properties.  In  this  newly-ac quired 
form  they  manifest  a  resistance  to  disturbing  forces, 
of  which  they  were  originally  devoid  ;  they  oppose  the 
influence  of  heat,  as  they  were  not  before  capable  of 

All  organic  substances  exhibit  similar  phenomena  ; 

they  all,  without  exception,  are  mutable  and  destruct- 
ible by  the  influence  of  a  more  or  less  elevated  tem- 
perature ;  the  resistance  which  their  atoms, — that  is, 
the  forces  active  in  them, — oppose  to  the  disturbing 
causes,  being  invariably  manifested  in  a  new  manner 
of  arrangement.  From  a  compound  atom,  one,  two, 
or  three  new  groups  of  atoms  are  formed  in  such  order 
that  a  state  of  equilibrium  is  invariably  restored.  The 
power  of  resistance  to  disturbing  forces, — that  is, 
chemical  force, — is  stronger  in  the  newly-formed 
products  than  in  the  original  substance,  but  the  sum 
total  of  the  power  of  affinity  does  not  increase,  it 
only  becomes  stronger  or  more  intense  in  a  certain 
direction. 

What  we  mean  by  the  direction  of  the  force  will  be 
rendered  more  intelligible  by  contemplating  the  state 
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of  a  particle  of  water  in  the  centre  of  a  mass  of 
water,  as,  for  )n8taDce,ia  a  filled  glaes.  The  particle 
of  water  in  the  centre  of  the  glass  is  attracted  bj  all 
the  Burrounding  particlea  in  its  immediate  vicinity, 
and  it  exercises  the  same  degree  of  attraction  towards 
tbem,  and  equally  on  all  sides.  The  mobility  of  the 
particle  of  water,  and  the  facility  of  its  diBplacooient, 
depend  upon  the  circumstance  that  all  the  attracting 
forces  acting  upon  it  are  in  a  state  of  equilibrium. 
The  application  of  the  slightest  esternal  mechanical 
force  suffices  to  remove  it  from  its  place  ;  the  least 
difference  in  the  temperature,  increasing  or  diminish- 
ing its  density,  causes  a,  change  in  the  position  of  the 
particle.  If  it  were  attracted  more  powerfully  from 
one  side  than  another,  it  would  tend  towards  the 
direction  of  the  most  powerful  attraction  ;  a  certain 
amount  of  force  would  be  required  to  divert  it  &om 
that  direction. 

The  particles  of  the  water  upon  the  surface  are 
precisely  in  this  Rtate  ;  they  are  less  mobile  than  the 
particles  of  the  inferior  layers,  or  those  below  the 
surface  ;  they  are  more  closely  connected  with  each 
other,  denser,  in  a  more  contracted  state,  as  if 
influenced  by  external  pressure. 

With  a  certain  degree  of  caution,  a  fine  steel  needle 
may  be  maintained  swimming  upon  the  surface  of 
water,  whilst,  if  submerged  in  the  water,  it  instantly 
sinks  to  the  bottom.  This  more  powerful  cohesion  of 
the  particles  of  water  at  the  surface,  arises  from  the 
particles  attracting  and  being  attracted  onl^  in  one 
direction.  The  attracting  force  from  below  is  not 
opposed  by  any  attraction  from  above.  To  enable  a 
steel  needle  to  fall  to  the  bottom  of  a  vessel  of  wat«r, 
the  particles  on  the  surface  must  first  give  way,  must 
be  displaced,  byt  they  do  not  yield  thus  although  the 
needle  presses  upon  them  with  a  weight  from  seven 
to  eight  times  greater  than  that  of  an  equal  volume  of 
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The  attracting  force  which  mcuntaina  the  connec- 
tion of  coDstitucntB  in  chemical  combination,  acte  in 
precieelj-  the  eame  manner.  The  directions  of  the 
attraotiye  force  become  multiplied  with  the  number 
of  elements, — with  the  number  of  atoms  united  into 
a  group.  The  force  of  the  attraction  diminiaheH  in 
the  Bame  proportion  as  the    numher   of  directions 


Two  atoms  united  into  a  compound  can  oulj  attract 

each  other  in  one  direction  ;  the  entire  amount, — the 
sum  total  of  their  attracting  force,  manifestB  itself  in 
this  single  direction.  If  a  second  and  a  third  atom 
be  added  to  the  group,  part  of  the  force  will  be 
required  to  attract  and  retain  theae  atoms  also.  The 
natural  consequence  of  this  is  that  the  attraction  of 
all  the  atoms  for  each  other  becomes  weaker,  and 
they,  therefore,  oppose  a  less  powerful  resistance  than 
the  first  two  atoms  previously  opposed  to  esternal 
causes  tending  to  displace  them. 

The  great  and  most  marked  distinction  between 
organic  and  inorganic  bodies  lies  in  the  former  being 
combinations  of  higher  or  more  complex  orders. 
Although  organic  substances  are  composed  of  but 
three,  four,  or,  at  most,  fire  elements,  their  atoms 
are,  nevertheless,  far  more  complex  than  those  of 
mineral  substances. 

For  example,  a  particle  of  common  salt,  or  of  cinna- 
bar, presents  a  group  of  not  more  than  two  atoms, 
whilst  an  atom  of  sugar  contains  thirty-six  elementary 
atoms,  and  the  smallest  particle  of  olive-oil  consists  of 
Bcveral  hundred  simple  atoms. 

In  the  common  salt,  the  affinity  or  attraction  ia 
exerted  only  in  one  direction  ;  iu  the  atom  of  sugar, 
on  the  contrary,  it  ia  acting  in  thirty-six  different 
directions.  Without  adding  or  withdrawing  any  ele- 
ment, we  may  conceive  the  thirty-six  simple  atoms,  of 
which  the  atom  of  sugar  condsts,  to  be  arranged  in  a 
thousand  different  ways  ;  with  every  alteration  iu  the 
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position  of  any  single  atom  of  the  thirty-sis,  the  com- 
pound atom  ceases  to  be  an  atom  of  sugar,  since  the 
properties  belonging  to  it  change  with  every  alteration 
in  the  manner  of  the  arrangement  of  its  constituent 
atoms. 

It  is  evident  that  impulses  of  motion,  certain  causes 
tending  to  disturb  the  force  of  affinity,  which  exercise 
no  decomposing  influence  ttpon  more  simply  consti- 
tuted atoms, — as,  for  inetance,  those  of  inorganic 
substances, — may,  neTertheless,  be  capable  of  pro- 
ducing alterations  in  organic  atoms  ;  that  is,  in  all 
atoms  of  a  higher  order. 

It  ia  upon  the  greater  complexity  of  composition  of 
organic  bodies,  together  with  the  lesser  force  with 
which,  consequently,  their  constituent  atoms  attract 
each  other,  that  their  easier  decomposability  depends  ; 
heat,  for  example,  disturbs  their  composition  with 
much  greater  facility  than  it  does  that  of  inorganic 
bodies.  The  atoms  of  the  former,  once  put  into  mo- 
tion, or  by  the  actiou  of  heat  being  separated  to  a 
greater  distance  from  each  other,  arrange  themseWeB 
into  less  complei  atoms,  in  which  the  force  of  attrac- 
tion acts  in  fewer  directions,  and  in  which  it  is  con- 
sequently able  to  oppose  a  proportiouably  stronger 
resistance  to  the  further  action  of  causes  of  disturb- 
ance,— of  decomposition. 

All  minerals,  or  inorganic  compounds,  are  formed 
by  the  free  and  unfettered  action  of  chemical  affinity  ; 
but  the  mode  and  manner  of  their  aggregation,  the 
arrangement  of  their  particles,  depend  upon  the  co- 
operation of  external  and  extraneous  causes  ;  these 
latter  causes  determine  the  form  and  the  phj^col 
properties  of  the  compound.  If,  for  example,  the 
temperature  bad  been  higher  or  lower,  whilst  the 
atoms  of  a  compound  substance  were  combining,  they 
would  hare  arranged  themselves  into  quite  different 
groups. 

Precisely  in  tiie  same  manner  as  heat  influences 
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inorganic  combinations,  heat,  light,  and,  above  all, 
the  Tital  force,  are  the  determintDg  cauBoa  of  the  form 
and  properties  of  compounda  produced  in  living  or- 
ganiama  ;  these  cauBea  determine  the  number  of  atoma 
and  the  mode  and  manner  of  their  arrangement. 

We  are  able  to  construct  a  crystal  of  alum  from  its 
elements,  namelj,  sulphur,  oijgen,  hydrogen,  potas- 
sium, and  aluminum,  inasmuch  as  heat  as  well  as 
ffinity  are,  within  a  certain  limit,  at  om-  free 
,  and  thus  we  can  determine  the  manner  of 
arrangement  of  the  aimple  and  compound  elements. 
But  we  cannot  make  an  atom  of  sugar  from  the  elementa 
of  sugar,  becauae  in  their  aggregation  into  thecharac- 
teriatieformof  asugar  atom  the  vital  force  co-operates, 
which  is  not  within  the  reach  of  our  control,  as  heat, 
light,  the  force  of  gravity,  ha.,  are  to  a  certain  extent. 
But  when  the  elements  hare  once  aggregated  into 
organic  atoms  in  the  living  organisms,  they  come  under 
the  same  category  with  all  other  chemical  compounds  ; 
we  are  able  to  guide,  in  various  and  manifold  direc- 
tions, the  force  which  is  active  among  these  atoms, 
maintaining  thfm  in  Connection  ;  we  are  able  to  alter 
this  force,  to  increase  or  to  annihilate  it.  We  may 
produce  atoms  of  a  higher  order  by  combining  toge- 
ther two,  three,  four,  or  more  compound  organic 
atoms  ;  we  can  decompose  the  more  complex  into 
less  complei  compound  atoms  ;  we  can  produce  sugar 
from  wood  and  from  starch,  aod  from  sugar  we  can 
produce  oxalic  acid,  lactic  acid,  butyric  acid,  acetic 
acid,  aldehyde,  alcohol,  formic  acid,  >^c.,  although  we 
are  altogether  incapable  of  producing  any  of  these 
compounds  by  direct  combination  of  their  elements. 

The  vital  force  has  not  the  slightest  influence  upon 
the  combination  of  the  simple  elements,  as  such,  into 
chemical  compounds.  No  eiem^nf,  by  itself,  is  capa- 
ble of  serving  for  the  nutrition  and  development  of 
any  part  of  an  animal  or.  vegetable  organism.  All 
those  BubBlaaces  which  take  a  part  in  Uie  processes 
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of  life  are  inferior  groups  of  simple  atoms,  whicli, 
uoder  the  influence  of  the  vital  force,  combine  into, 
atoms  of  a  higher  order.  The  chemical  force,  under 
the  domioioii  of  heat,  determines  the  form  and  pro- 
perties of  all  the  more  simple  groups  of  atoms,  whilst 
the  vital  force  determines  the  form  and  the  proper- 
ties of  the  higher  order  of  atoms,  that  is,  of  organic 
atoms. 


MTTER  XV. 


Tbe  carbon  of  all  parts  and  constituents  of  vegetables, 
aud,  through  vegetables,  of  animals,  is  derived  from 
carbonic  acid  ;  all  the  hydrogen  of  non-nitrogenised 
organic  bodies  (sugar,  starch,  woody  fibre,  gum,  oils, 
&c.)  is  derived  from  water  ;  and  all  the  nitrogen  of 
nitrogenised  organic  bodies  is  obtained  from  ammonia. 
An  atom  of  carbonic  acid  is  a  group  of  three  element- 
ary atoms,  of  which  one  is  a  carbon  -atom,  and  two 
are  oxygen  atoms.  No  part  of  a  vegetable  or  animal 
organism  contains,  for  one  atbm  of  carbon,  more  than 
two  atoms  of  another  element.  The  great  majority 
of  organic  bodies  contain,  for  one  atom  of  carbon,  less 
than  two  other  atoms. 

All  constituents  of  organisms  are  formed  of  atoms 
of  carbonic  acid,  more  or  less  modified,  or  of  groups 
of  such  modified  carbonic  acid  atoms.  These  atoms 
and  groups  of  atoms  have  been  produced,  under  the 
influence  of  solar  light,  from  the  carbonic  acid  ab- 
sorbed by  the  roots  and  leaves  of  plants.  The  change 
is  the  result  of  a  separation  and  estrusioc  of  part  of 
die  oxygen  of  the  carbonic  acid  atoms,  in  the  place  of 
which  oxygen  tliere  is  taken  np  hydrogen,  or  hydrogen 
and  nitrogen.  Viewed  in  the  simplest  way,  an  atom 
of  grape-sugar,  for  eiample,  may  be  regarded  aa  an 
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atSm  of  carbonic  acid,  in  which  one  oxygen  atom  has 
J)eeii  removed  and  replaced  by  one  hydrogen  atom. 
The  formula  of  carbonic  acid  is  C  0^  ;  that  of  grape- 
sugar  may  be  written  C  tj  >  ;  or  grape-sugar  may 
be  regarded  as  a  multiple  of  this  last  formula,  C^j 
g'^  >,  orCg4  n^*  >,  according  aa  we  suppose  it 
to  be  derived  from  twetre  or  twenty-four  atoms  of 
carbonic  acid,  C,  ^  0„^,  or  C^^  O^b*  '^7  '^^  replace- 
ment of  half  the  oxygen  by  the  same  number  of 
atoms  of  hydrogen,  twelve  or  twenty-four.  Cane- 
augar(CiaHi,  0,  J.gum  andstarch(Ci ,  H,  „  OiJ, 
and  the  Bubstance  of  the  woody  cells,  or  woody  fibre 
(Cjj  Hg  Og),  may  be  viewed  as  groups  of  twelve 
atoms  of  the  simplest  form  of  grape-sugar,  C  q  >. 
(or  if  grape  sugar  be  a  group  with  twelve  atoms  of 
oarbou,  as  atoms  of  grape-sugar,)  from  which,  respec- 
tively, one,  two,  or  four  atoms  of  water  have  sepa- 
rated. 

Quinine,  caffeine,  and  the  organic  bases  or  alkaloids 
in  general,  contain,  besides  carbon  and  the  elements 
of  water  (oxygen  and  hydrogen),  a  certain  proportion 
also  of  nitrogen.  The  most  complex  organic  matters, 
such  as  the  vegetable  albvimen  eiisting  in  a  dissolved 
state  in  vegetable  juices,  and  the  vegetable  eitseim 
deposited  in  many  seeds,  contain  not  only  the  four 
elements  of  the  organic  bases,  but,  in  addition  to  them, 
&  fifth  element,  namely,  lutphur.* 

The  acids  so  widely  distributed  in  vegetables,  such 
as  oxalic  acid  (in  oxalU,  rum«x,  r]teum,  &c.)  ;  malio 
acid  (in  most  unripe  fruits) ;  citric  acid  (in  the  lemon, 
lime,  orange,  4c. ),  and  others,  stand  to  each  other, 

.  ■  Thu'iB  eic1iiiiv«  of  the  imaU  but  eswDtial  qoAntitieg  of  ulluJice 
uid  earthy  phoepbates  (phoaphonu,  oijgea,  sod  melalB)  alnit;* 
found  ia  xheae  compouadi,  uid  ftppaKDlly  indispenubla  to  theic 
eiiitence.— W.  O. 
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and  to  carbonic  acid,  in  a  relation  aa  simple  as  that 
between  carbonic  acid  and  grape-sugar.  By  the  sepa- 
ration from  a  group  of  two  carbonic  acid  atoms  of  one 
0X)'geii  atom,  oxalic  acid  (anhydruus)  is  formed. 
2  C  Oj  =  C^  0^  ;  and  C,  0^  —  0  =  C^  0,  =:  an- 
liydrous  oxalic  acid.  If,  to  a  group  of  two  atoms  of 
oxalic  acid,  two  atoms  of  bydrogen  be  added,  and  from 
the  whole  two  atoms  of  oiygen  be  remored,  malic  acid 
is  the  result.  2  C„  0^  =  C^  0^  ;  then  C,  0^  + 
Hj  =  C^H,Og  T  a"ndC4HjOa  — 0,  =  C^H,  0^ 
=  malic  acid.  We  have  every  reason  to  believe  that, 
by  a  continuance  of  suuh  changes,  sugar,  gum,  starch, 
and  woody  fibre  are  formed  from  these  acids  ;  and 
that  they  (the  acids)  are  links  ia  a  chain  exhibiting 
the  gradual  conversion  of  the  atom  of  carbonic  acid 
into  sugar  and  the  other  more  complex  organic  atoms. 
Sugar  coutains.  along  with  carbon,  oxygen  and  hy- 
drogen, exactly  in  the  proportions  to  form  water.  The 
acids  above  named,  contain,  besides  the  elements  of 
water,  a  certain  proportion  of  oxygen  in  excess.  By 
the  further  addition  of  hydrogen,  therefore,  with  or 
without  the  separation  of  oxygen,  all  these  acids  may 
pass  into  sugar.  In  proportion  as  the  new  products 
formed  from  carbonic  acid,  deviate  more  and  more 
in  composition  from  that  acid,  they  acquire  new  pro- 
perties. The  organic  acids  still  possess  the  acid  cha- 
racter of  carbonic  acid,  hut  in  starch  or  woody  fibre 
this  character  is  entirely  lost.  The  ultimate  particles 
of  oxalic  acid,  tartaric  acid,  maiic  acid,  citric  acid,  and 
sugar,  &<:.,  arrange  themselves,  being  crystallisable, 
in  directions  determined  by  an  inorganic  force  ;  but 
in  the  formation  of  starch  and  of  cellulose  (the  sub- 
stance forming  the  woody  cells)  another  cause  acts, 
.which  opposes  cohesion,  and  alters  the  direction  of 
their  attractions.  The  more  complex  organic  atoms 
are  no  longer  bounded  by  straight  lines  and  flat  sur- 
faces, but  by  curved  lines  and  surfaces.  The  modem 
researches  in  organic  chemistry  have  shed  light  on  the 
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origin  and  formatioa  of  these  higher  or  more  complex 
orgssic  compouDds.  There  h&a  been  discovered  a 
whole  series  of  bodies,  produced  by  the  union  of  two 
more  simple  organic  compouads,  yet  retaining  entirely 
the  chemical  character  of  one  of  these.  Tbia  is  quite 
contrary  to  the  laws  of  combination  in  inorganic 
chemiatry,  according  to  which,  as  we  have  always 
found,  the  properties  of  the  constituents  disappear,  to 
give  place  to  new  properties  in  the  compound. 

Formic  acid  and  oil  of  bitter  almonds  (hyduret  of 
benzoyle)  are  well-linowD  compounds.  They  com- 
.  bine  to  produce  the  formobeusoic  acid,  which  in  its 
character  as  an  acid  agrees  entirely  with  formic  acid, 
without  poaeeseing  any  of  the  properties  of  tbe  oil  of 
bitter  almonds.  Tbe  formic  acid  has  retained,  the 
oil  has  lost,  its  chemical  character,  in  tbe  new  com- 
pound. This,  and  a  host  of  analogous  compounds, 
although  formed  of  two  compound  bodies,  play  the 
part  of  ODe  of  the  more  simple  constituents  :  that  is, 
of  such  as  we  cannot  decompose  into  still  simpler,  and 
BgtUQ  reconstruct  at  pleasure.  In  order  1o  distinguish 
tbis  class  of  bodies,  made  up  of  two  compounds,  jet 
retaining  the  chemical  character  of  one,  from  other 
compounds,  they  have  been  called  coupled  or  paired 
compounds  ;  and  that  constituent  whose  properties 
disappear,  is  called  the  copula.  In  this  sense,  formo- 
benzoic  acid  is  a  coupled  acid,  in  which  the  oil  of 
bitter  almonds  is  the  copula.  It  is  supposed  that  all 
the  higher  or  more  complex  organic  compounds  ore 
thus  formed  ;  and  albumen,  caseine,  and  the  organic 
bases  are  regarded  as  coupled  compounds,  which  they 
certainly  are,  although  we  do  not  yet  know,  and 
cannot  name,  the  copulie  belonging  to  them. 

By  coupling  nitrogenised  coii>pounds,  such  as  am* 
Bftonia  and  hydrocyanic  acid,  with  non-nitrogenised, 
and  also  with  other  nitrogenised  bodies,  we  produce, 
Mtificially,  compounds  possessing  all  the  properties 
of  the  uitrogeuised  acids  and  colouring  tnattera  oc^ 
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curring  in  nature.  Asparagioe,  a  bodj  formed  in 
asparagus  and  during  the  germination  of  the  legumi- 
noi<e  and  many  other  plaots,  has  the  composition  of 
malate  of  ammonia,  minus  the  elements  of  water. 
Now,  ne  are  able,  from  malic  acid  and  ammonia,  to 
produce,  not  aa  yet  aaparagine,  but  aspartic  acid,  a 
bod;  derived  from  aapara^ne.  Orcine,  which  ia 
colourless  and  crystallised,  produces,  when  oiygen  is 
present,  bj  absorbing  ammonia,  the  splendid  red  dye, 
orceine.  The  admirable  researches  uf  Wurtz  and  of 
Hofmann  have  shown  that  every  one  of  the  three 
atoms  of  hydrogen  in  ammonia  may  he  displaced  and 
replaced  by  compound  organic  atoms  ;  and  that  in 
this  way  new  compounds  are  formed,  ia  which  the 
ammonia  retains  perfectly  its  chemical  character,  aa 
a  base.  Ammonia  neutralises  acids,  forming  with 
them  salts  ;  the  new  bodies  obtained  from  it  by  the 
replacement  of  its  hydrogen  are  organic  bodies,  per- 
fectly analogous  in  chemical  characters,  not  only  to 
ammonia,  but  also  to  nicotine,  morphine,  and  quinine. 

UniversaJ  experience  teaches  us,  that  all  organised 
beings  after  death  suffer  a  change,  in  consequence  of 
which  their  bodies  gradually  vanish  from  the  surface 
of  the  earth.  The  mightiest  tree,  after  it  is  cut 
down,  disappears,  with  the  exception,  perhaps,  of  the 
bark,  when  exposed  to  the  action  of  the  air  for  thirty 
or  forty  years.  Leaves,  young  twigs,  the  straw 
which  is  added  to  the  soil  as  manure,  juicy  fruits, 
iic,  disappear  much  more  quickly.  In  a  still 
shorter  time  animal  matters  lose  their  cohesion  ;  they 
are  disupated  into  the  air,  leaving  only  the  miner^ 
elements  which  they  had  derived  from  the  soil. 

This  grand  natural  process,  of  the  dissolution  of  all 
compounds  formed  in  living  organisms,  begins  imme- 
diately after  death,  when  the  manifold  causes  no  longer 
'act,  under  the  influence  of  which  they  were  produced. 
The  compounds  formed  in  the  bodies  of  animals  and 
of  |ilauts  undergo,  in  the  air  and  with  the  aid  of 
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mOiBture,  &  series  of  chaugea,  the  last  of  nUich  are 
the  conversion  of  their  carbon  into  carbonic  acid,  of 
their  hydrogen  into  water,  of  their  nitrogen  into 
ammonia,  of  their  sulphur  into  sulphuric  acid.  Thus 
their  elements  resume  the  forms  in  which  they  can 
again  serve  as  food  to  a  new  generation  of  plants  and 
animals.  Those  elements  wliich  had  been  derived 
from  the  atmoBphere  take  the  gaseous  form  and 
return  to  the  air  ;  those  which  the  earth  had  yielded, 
return  to  the  soil.  Death,  followed  by  the  dissolution 
of  the  dead  generation,  is  the  source  of  life  for  a  new 
one.  The  same  atom  of  carbon,  which  as  a  consti-i ' 
tnent  of  a  muscular  fibre  in  the  heart  of  a  man 
aasists  to  propel  the  blood  through  liia  frame,  was, 
perhaps,  a  coaatituent  of  the  heart  of  one  of  his 
ancestors  ;  and  any  atom  of  uitrogeu  in  our  brain 
baa,  perhapa,  been  a  part  of  the  brain  of  an  Egyp- 
tian or  of  a  negro.  As  the  iutellect  of  the  men 
of  this  generation  draws  the  food  required  for  its 
development  and  cultivation  from  the  products  of  the 
intellectual  activity  of  former  times,  so  may  the  con- 
stituents or  elements  of  the  bodies  of  a  former  gene- 
ration pasa  into,  and  become  parts  of,  our  own  frames. 

The  proximate  cause  of  the  changes  which  occur  in 
organised  bodies  after  death  is  the  action  of  the  oxygen 
of  the  air  on  many  of  their  constituents.  This  action 
only  takes  place  when  water,  that  is,  moisture,  is 
present,  and  requires  a  certain  temperature. 

This  influence  of  atmospheric  oxygen  is  very  dis- 
tinctly seeu  in  fruits  and  other  softparCs  of  vegetables, 
when,  by  an  injury  to  their  surface,  the  juice  comes 
into  direct  contact  with  the  air.  When  an  apple  is 
bruised  at  one  point,  a  process  of  decomposition  begins 
from  the  injured  part.  A  brown  spot  appears,* which 
increases  in  a  regular  concentric  circle,  till  at  last  the 
whole  apple  becomes  rotten,  or  is  changed  into  a 
brown,  soft,  viscid  mass. 

The  juice  of  the  grape,  while  it  is  protected  by  the 
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external  sliin    from   contact  with    stmofipTieric  air, 

scarcely  nudergoea  &nj  perceptible  alteratioo.  A 
grape,  by  gradual  eiBiccation,  becomes  cod  verted  intfl 
a  raisin.  The  elighteat  perforation  tlirough  its  es- 
teroftl  covering,  as  with  the  point  of  a  needle,  for 
Instance,  is  sufficient  to  alter  all  the  properties  of  the 

If  we  cut  an  apple,  a  potato,  or  a  beet-root,  the  cut 
surface  in  the  course  of  a  few  minutes  loses  its  white 
colour,  and  assumes  a  brown  tint. 

Animal  fluids  comport  theniselves  in  a  precUelj 
'  similar  manner.  Milk,  whilst  in  the  udderof  the  cow, 
urine  whilst  in  the  bladder,  undergo,  in  a  heatthj 
state,  no  alteration  of  their  properties.  But  in  eon- 
tact  with  air,  milk  coagulates  without  anj  evolution 
of  gas,  and  becomes  acid  ;  the  caseine  separates  in 
the  form  of  a  curdy  mass  ',  urine,  which  is  acid,  be- 
comes alkaline  ;  and,  after  a  time,  when  an  acid  is 
added,  it  effervesces  from  the  escape  of  carbonic  acid 
gaa. 

In  lite  manner,  a  process  of  decomposition  sets  in, 
after  death,  in  the  bodies  of  men  and  animals,  which 
begins  in  the  inside  in  those  parts,  such  as  the  lungs, 
which  are  in  contact  with  the  air.  When  there  are 
wounda,  it  spreads  from  theoi,  and,  in  diseases,  from 
the  diseased  part ;  so  that,  in  many  cases,  death  itself 
is  nothing  else  than  the  result  of  a  decomposition  going 
on  in  an  inward  part.  With  the  disease,  of  which  it 
is  the  proximate  cause,  this  process  begins,  and  it 
continues  after  death. 

The  most  remarkable  of  these  phenomena  is  cer< 
tainly  this,  that,  in  many  cases,  the  change  once 
begun  in  organic  matters,  continues  when,  after  tran- 
sient ifoDtnct  with  the  air,  the  atmospheric  oxjgen  is 
entirely  excluded.  Must,  the  fermenting  grape  jnice, 
continues  to  ferment  in  closed  vessels  ;  and  the  fer- 
menting wine,  in  the  manufacture  of  champagne,  often 
bursts  the  strongest  bottles.     Milk,  once  exposed  to 
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{be  &ir,  coagulates,  and  becomes  aoor  even  in  her- 
DHticallj  sealed  vessels. 

It  is  obvious  that,  bj  the  contact  of  theae  organic 
bodies  with  the  oijgen  of  the  air,  a  process  begins,  in 
the  course  of  which  their  couaiitueuts  suffer  a  total 
change  in  their  properties.  This  change  is  a  result 
of  a  change  in  their  composition.  Before  contact 
with  tlie  oijgen,  their  constituents  are  arranged 
together,  without  action  on  each  other.  Bjr  the 
oxygen,  the  state  of  rest  or  equilibrium  of  the  at- 
teactions  whiah  keep  the  elements  together,  haa  been 
disturbed  in  a  particle  of  the  substance,  and,  as  a 
consequence  of  this  disturbance,  a  separation  or  new 
UTsngemeut  of  the  elements  has  been  brought  about. 

The  continuance  of  these  processes,  even  when  th« 
oijgeu,  tlie  original eiciting  cause  of  them,  no  longer 
acts,  shows  most  clearly,  that  the  state  of  decompo- 
■ition,  whicb  has  been  produced  among  the  elements 
of  a  particle  of  the  mass,  exercises  an  Influence  ou  the 
other  particles,  which  have  not  been  in  contact  with 
the  oxygen  of  tbe  air ;  for  not  only  the  first  par- 
ticle, but,  by  degrees,  all  the  rest,  undergo  ike  »aiM 

All  those  processes  of  decomposition  which  begin 
in  a  part  of  an  organic  substance  from  the  Application 
of  an  eiternal  cause,  and  which  spread  through  tho 
whole  mass,  with  or  without  the  co-operation  of  that 
cause,  have  been  called  processes  of  Putrefaction.  A. 
pntrescible  substance,  therefore,  is  distinguished  from 
one  not  putrescible,  because  the  former,  without  other 
conditions  than  a  certain  temperuture,  and  tlie  pre- 
sence of  water,  (after  exposure,  althougb  transient,  to 
die  atmosphere.)  are  resolved  into  a  series  of  new 
products ;  while  the  latter,  if  unmixed,  do  not,  under 
the  same  circumstances,  undergo  any  change. 

The  number  of  substances  occurring  iu  nature, 
which,  according  to  this  definition,  are  truly  putres- 
eibte,  is  ungnlarly  small ;  but  thejr  are  everywhere 
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,  ficd  form  part  of  every  organiBed  l>eing. 
Before  all  other  substanceB,  this  property  of  putreeci- 
bilitj  belongs  to  the  highly  complex  matters  of  the 
aoiiDal  and  vegetable  kingdoms,  which  contain  nitro- 
gen and  sulphur;  such  as  albumen,  fibrine,  caaeioe, 
gelatine,  and  the  like. 

Urea,  sugar,  eugar  of  milk,  asparagiae,  and 
amygdaline,  as  well  as  the  various  organic  acida, 
undergo,  when  pure,  under  the  circumstancea  aboTO 
mentioned,  (tlie  presence  of  air  and  water,  with  a  cer- 
tain temperature,)  no  perceptible  change.  Solution 
of  sugar,  and  sugar  of  milk,  or  of  urea,  when  exposed 
to  a  gentle  heat,  dry  up  ;  tlie  dissolved  matters 
separate  in  cryatals,   without  losing  any  of  their  pro- 

The  ezamination  of  vegetable  juices,  and  of  animal 
fluids,  such  as  milk  and  bile,  of  grape  juice  and  of 
urine,  &o,,  shows  that  they  contain  two  kinds 
of  substances,  of  entirely  different  nature  and 
composition  ;  one  which  is  putreecible,  and  along 
with  it,  another,  or  several,  which,  by  themselvea  are 
utterly  unsusceptible  of  that  apontaneons  change. 
Now,  when  tUese  fluids,  left  to  themselves,  enter  into 
decomposition,  we  observe  the  remarkable  phenome- 
non, that  both  kinds  of  bodies,  the  putrescible  aa  well 
as  thoae  which,  by  themaelres,  are  im putrescible,  dis- 
appear simultaneously,  being  resolved  into  new  pro- 
ducts. But  the  latter  bodies,  without  the  presence 
of  the  former,  would  have  remained  unchanged. 
.  If  we  cause  a  putrescible  body,  such  as  caseine, 
fibrine,  blood,  or  animal  mucus,  to  enter  into  putre- 
faction, and  then  add  to  it  a  solution  of  sugar,  or  ot 
sugar  of  milk,  or  of  urea,  &c.,  these  substances  pass 
into  fermentation;  that  is,  into  decomposition. 

It  is  obvious,  from  these  facts,  that  putrescible 
matters,  in  the  state  of  putrefactioo,  when  brought 
into  contact  with  a  large  number  of  non-uitrogenised 
as  well  as  nitrogenised  substances,  of  themselves  not 
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patrescible,  effect  a  cliange  of  composition  in  them. 
It  will  now  be  easy  to  understand  the  distinction 
between  putrefaction  and  fermentation. 

All  non-putrescible  bodies  are  called  fermentcsctble, 
when  they  possess  the  property  of  being  decomposed 
by  contact  with  putrescent  matt«rs.  The  process  of 
their  decomposition  is  now  called  fermentation.  The 
pub-escent  body,  by  which  this  change  is  caused,  is 
DOW  named  tbe  Ferment. 

All  putrescible  substaDceB,  in  the  state  of  putres- 
cence, become  ferments  ;  that  is,  they  acquire  in  this 
state  the  power  of  cauaing  some  one  or  mora  of  the 
fermentesciblo  substances  to  enter  into  fermentation  ; 
and  the  putrescent  body  or  ferment  retains  this  power, 
until  its  fermentation  is  completed. 

The  changes  which  fermenting  bodies  undergo, 
depend  on  the  resolution  of  a  very  complex  atom  into 
two  or  more  less  complex  atoms.  The  36  elementary 
atoms  in  an  atom  of  crystallised  sugar,  C,^  H,  ^  0  ,„, 
are  resolved  into  4,  atoms  of  carbonic  acid,  i  CO^, 
contaioing  12,  and  2  atoms  of  alcohol,  2C^  H^  0^, 
containing  24  simple  atoms.  The  sugar  of  milk 
contained  in  fresh  milk  (also  C,^  H,^  0^^)  re- 
solves itself  into  two  atoms  of  lactic  acid,  2  Cg  Hg  Og, 
containing  the  same  number  of  elementary  atoms  as 
the  sugar  of  milk. 

Since  no  foreign  element  has  been  added  to  the 
sugar  of  milk,  when  it  was  changed  to  lactic  acid, 
and  none  of  its  elementary  atoms  Lave  been  separated 
or  expelled,  it  is  quite  certain  that  the  change  of 
properties  depends  on  a  change  in  the  position  or 
place  of  the  atoms  of  the  sugar  of  milk,  and  that 
these  are  arranged  in  a  new  order  in  the  lactic  acid. 
By  the  cause  which  effected  (he  change,  it  is  obvious 
that  the  atoms  of  the  sugar  of  milk  must  have  been 
set  in  motion  ;  for  in  order  to  arrange  themselves  in 
a  new  order,  they  roust  move. 

Putrescent    bodies    exert   an  action   on  complex 
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orgBDi'saliona,  which,  by  themBelres,  are  not  putre- 
■cible  i  it  is  certain  that  their  action  depends  on  a 
certaio  state  in  which  their  atoms  are ;  it  is  further 
certain,  that  this  state  is  one  of  change  of  place,  or  a 
resolution  into  simpler  atoms  of  the  complex  stoma  of 
the  putrescent  bod;  ;  and.  It  is  eqnallj  undeniable, 
that  h;  their  contact  with  fermentescible  bodies,  the 
elements  of  the  latter  also  aasume  new  positions  ; 
whence  it  follows,  that  the  atoms  of  fermentescible 
bodies,  in  contact  with  putrescent  matters,  behave  as 
if  titej  formed  part  of  the  putrescent  substance.  The 
atoms  of  the  fermentescible  body  (sugar,  im.)  partici- 
pate in  the  motion  of  the  atoms  of  the  ferment ;  the 
change  of  position  or  state  of  motion  in  the  ferment 
causes  the  atoms  of  carbon,  hydrogen,  and  onygen  of 
the  fermenteacible  body  also  to  change  their  position 
or  place. 

Hence  we  can  see  whj  these  processes  have  a 
beginning,  a  certain  duration,  and  an  end,  in  which 
respects  they  are  distingnished  from  ordinary  cases  of 
chemical  action.  When  we  add  sulphuric  acid  to  a 
salt  of  baryta,  decomposition  instantly  takes  place  at 
all  points  where  the  acid  comes  in  contact  with  the 
baryta.  The  beginning  is  at  the  same  time  the 
end,  and  the  elements  of  the  sulphate  of  baryta, 
when  formed,  have  no  further  action. 

But  a  putrefying  body  goes  through  a  whole  series 
of  changes,  and  in  every  stage  it  exerts  a  peculiar 
action.  When  a  change  has  been  effected  in  the 
position  or  arrangement  of  the  atoms  of  sugar  in 
grape  juice,  or  in  infusion  of  malt,  uo  further  change 
takes  place  with  regard  to  these  atoms ;  but  the 
change  in  the  altered  substance  (a  compound  con- 
taining nitrogen  and  sulphur),  which  has  acted  as  a 
ferment  and  has  separated  as  yeast,  continues  to  go 
on.  If  the  yeast  be  taken  out  of  the  fermented 
liqoor,  and  added  to  a  solution  of  sugar,  a  number  of 
sugar  atoms  undergo  the  former  change,  aa  in  the 
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grape  juice  or  malt  infusion  ;  and  the  yeast  or  fer- 
ment retftins  this  pover,  until  it  has  i^one  through  the 
entire  series  of  clienges  belonging  to  its  putrefactioQ, 
until  the  separation  aud  new  arrangement  of  its  atoms 
are  complete,  and  a  state  of  rest  or  equilibrium  is 
attained.  If,  after  this  point,  sugar  be  still  present, 
ha  atoms  remain  unchanged.  According  to  the 
amount  of  ferment  present,  the  time  required  for  the 
fermentajioo  is  determined.  Bj  doubling  or  tripling 
the  proportion  of  ferment,  the  time  is  shortened,  or  a 
lai^er  quantity  of  the  sugar  or  other  fermcDtescible 
body  is  decomposed. 

If  we  divide  a  vessel  containing  solution  of  sngar 
into  two  cells  bj  a  partition  of  filtering  paper,  wbioh 
allows  the  dissolved  sugar  to  pass  through,  but  not 
the  globules  of  the  yeast,  and  if  we  add  yeast  to  the 
solution  in  one  cell,  fermentation  occurs  in  that  cell 
only  i  that  !H,  where  sugar  atoms  and  yeast  atoms 
e<»ne  into  contact,  there  alone  the  resolution  of  sugar 
into  alcohol  and  carbonic  acid  takes  place. 

The  action  of  ferments  on  fermontescible  bodies  is 
analegnus  to  that  of  heat  on  organic  substances. 
Their  decomposition  at  high  temperatures  is  always 
the  result  of  a  change  in  the  position  of  their  atoms. 
Heat  causes  an  expansion,  or  increase  of  volume  ;  at 
first  it  affects  the  adhesion  of  the  atoms  as  grouped  ; 
and  at  a  higher  temperature  the  atoms  constituting 
the  groups  separate  from  each  other,  Heat  dii^turbs 
the  equilibrium  of  attractions  among  the  atoms  ;  the 
liquid  and  gaseous  states  are  new  states  of  equilibrium 
between  the  effects  of  heat  and  those  of  coheaion,  as 
applied  to  the  groups  of  atoms.  When,  at  a  high 
temperature,  the  complex  atoms  or  groups  constituting 
organic  matters  are  decomposed,  they  always  yield 
products  which  are  permanent  and  unchangeable  at 
that  temperature,  but  which  are  destructible  by  a 
hi^er  one.  Every  filed  degree  of  heat  corresponds 
to  a  peculiar  state  of  equilibrium  between  heat  imd 
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the  chemical  attrtiction  whick  keeps  together  the 
elements  of  organic  at^ms. 

We  cannot  render  a  piece  of  augar  liquid,  let  ns 
grind  it  never  ho  finely  ;  and  stil!  less  can  we  decom- 
pose an  atom  of  sugar  by  mechanical  force,  or  detach 
from  it  an  atom  of  carbon  or  hydrogen.  We  can,  by 
shaking  a  solution  of  sugar,  cause  the  particles  of 
Bugar  and  those  of  water  to  move  on  one  another  ; 
but  their  elements  do  not,  io  this  case,  change  their 
relative  position. 

In  putre&ction  and  fermentation,  it  is  not  the 
groups  of  atoms,  but  the  atoms  in  the  groups,  which 
change  their  place  ;  and  it  is  this  internal  motion,  in 
putrescent  bodies,  which  causes  change  of  place  in 
the  atoms  of  the  fermentescibte  body  ;  that  is,  when 
the  chemical  force  which  holds  their  elements  to- 
gether, is  less  than  the  force  which  tends  to  separate 
Diem. 

The  influence  of  temperature  on  the  nature  of  the 
products  of  fermentation  is  truly  remarkable.  The 
juice  of  carrots,  beet-root,  or  onions,  which  is  rich  in 
sugar,  when  allowed  to  ferment  at  ordinary  tempera- 
ture, yields  the  same  products  as  grape  juice.  But, 
St  a  higher  temperature,  the  whole  decomposition  is 
changed.  There  is  observed  a  much  less  copious 
evolution  of  gas,  and  no  alcohol  is  formed.  If  we 
examine  the  fermented  liquid,  there  is  no  longer  in  it 
any  sugar.  But  a  large  quantity  of  lactic  acid,  and 
a  body  resembling  gum  arable  ;  and,  as  the  most 
remarkable  product,  a  crystallisable  substance,  in 
composition  and  properties  identical  with  the  chief 
constituent  of  manna,  namely  mannite  ; — all  these 
are  found  to  have  been  produced. 

Alcohol  and  carbonic  acid  are  the  products  of  the 
decomposition  of  sugar  by  fermentation  at  the  ordi- 
nary temperature  ;  carbonic  acid,  mannite,  lactic  acid, 
and  gum,  are  the  products  of  its  fermentation  at  a 
higher  temperature.      The  kind  of  fermentation  of 
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milk-sugar  in  milk,  nhen  it  paaaea  into  lactic  acid, 
chiefly  occurB  at  ordioarj  temperatures.  At  a  heat 
of  from  76°  to  90°,  the  caaeine  acquires  the  properties 
of  common  jeast,  and  there  occur,  ia  the  milk  sugar, 
St  these  higher  temperatures,  two  successive  transfor- 
mations. It  first  passes  into  grape  sugar,  by  taking 
up  the  elements  of  water,  and  then,  hj  contact  with 
the  caseine  or  cheese  (the  ferment),  it  is  resolved  into 
alcohol  and  carhonic  acid. 

At  the  ordiDsrj  temperature,  milk  ferments  without 
evolntion  of  gaa,  and  lactic  acid  is  formed.  At 
higher  temperatures  we  obtain,  as  the  result  of  the 
altered  fermen^tive  process,  an  alcoholic  liquid, 
which  bj  distillation  yields  true  sjHrits. 

It  is  obvious  that  only  those  bodies  are  fermen- 
tescible  in  which  the  elements  are  mobile,  and  only 
held  together  by  a  feeble  attraction  ;  and  if,  in  fact, 
by  the  change  of  place,  or  motion,  in  the  elements  of 
the  ferment,  a  similar  change,  or  motion,  has  been 
induced  in  the  particles  of  another  body  in  contact 
vrith  them,  it  is  certain  that  the  atoms  of  the  latter 
opposed  to  the  motion  acting  on  them  a  resistance, 
wUch  had  to  he  overcome,  before  they  could  be  set 
in  motion.  This  resistance,  how  feeble  soever  we 
may  suppose  it,  acts  like  a  force,  which  must  re-act 
on  the  atoms  of  the  ferment,  whereby  the  change  or 
motion  among  them  must  be  altered  in  its  character. 
A  putrescent  body,  therefore,  in  contact  with  a  fer- 
mentescible  one,  which  it  causes  to  enter  into  fer- 
mentation, must  yield  products  different  from  those 
obtained  when  it  putrefies  alone.  We  observe,  in  faot, 
that,  when  solution  of  sugar  is  added  to  putresoent 
animal  cheese,  or  blood,  the  beginning  of  the  fer- 
mentation is  attended  by  the  diminution  of  the 
formation  of  those  products  which  give  their  offensive 
smell  to  putrid  uitmaJ  matters  j  so  that,  in  the  course 
of  the  process,  these  striking  products  entirely  dis- 
appear.    It  is  fiirdiir  plain,  ^tat  a  ferment«scible 
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body  must  cease  to  be  fermentcscible  when  tlie  resist- 
aoce  opposed  to  the  action  of  the  ferment  on  its 
atoma,  or  the  force  which  holds  thu  atoms  in  groups, 
is  increased.  There  are  indeed  many  bodies  which 
oppose  putrefaction  and  fermentiLtion,  and  which  im- 
pede or  arrest  the  course  of  these  processea  ;  and  this 
remariahle  action  frequently  depends  on  their  form- 
ing a  chemical  compound  with  the  feiment.  By  the 
addition  of  a  body  having  affinity  to  the  ferment,  the 
tendency  of  its  particles  to  retain  their  ori^nal 
aiTBngement  is  obviously  strengthened  ;  for,  in  ad- 
dition to  the  force  which  holds  tbem  in  groups,  we 
have  in  the  new  body,  which  combines  with  the 
ferment,  a  new  attraction,  which  must  be  overcome 
before  the  atoms  of  groups  of  the  ferment  con  change 
their  position. 

To  the  list  of  bodies  which  check  putrefaction  and 
fermentation,  or  antiseptics,  belong  all  substances 
which  e.iert  a  chemical  action  on  ferments  ;  such  as 
alkalies,  mineral  acids,  concentrated  vegetable  acids, 
volatile  oils,  alcohol,  sea  salt.  The  most  effective 
are  sulphurous  acid,  metallic  salts,  especially  those  of 
mercury,  which  combine  chemically  with  the  ferments 
or  putrescent  bodies.  Arsenioug  acid  does  not  prevent 
the  putrefaction  of  the  blood,  noi'  the  ordinary  alcoholic 
fermentation  of  sugar  ;  but  the  putrefaction  of  the 
skin  and  of  the  gelatinous  tissues  is  entirely  suppressed 
by  the  presence  of  arsenious  acid. 

Many  organic  acids,  in  the  form  of  their  lime  salts, 
are  fennentescible,  although  not  so  by  themselves. 
Malate  of  lime  ferments  with  yeast,  as  readily  as 
solution  of  sugar.  At  a  low  temperature  pure  car- 
bonic acid  gas  is  evolved,  and  the  malate  is  resolved 
into  succinate,  acetate,  and  carbonate  of  lime.  At  a 
higher  temperature,  hydrogen  gas  is  evolved,  and 
there  is  produced,  from  the  malic  acid,  a  large 
quantity  of  butyrate  of  lime. 

Lactate  of    lime  yields,  in  contact  with  putrid 
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cheese,  carbonic  acid  and  hydrogen  gases,  butyric 
ftcid,  and  inannite.  Tartrate  of  lime  yields  carbonic 
ftcid,  metucctonate,  and  acetate  of  lime. 

By  tlie  neutralisatioQ  of  these  acida  with  Hme,  theat 
obemical  action  on  the  ferment  is  prevented  as  they 
are  formed  ;  and  the  liquid  remains  neutral  during 
the  process,  because  the  ilme  set  free  bj  the  foima- 
tion  of  organic  acids  of  a  higher  order,  and  of  a  less 
capacity  of  saturation,  is  deposited  in  the  form  of 
iosolutile  carbonate. 

The  fermenta  present  in  grape  juice  and  other 
vegetable  juices,  are,  without  exception,  such  bodies 
as  have  the  same  composition  as  blood  or  cheese. 
The  production  of  these  blood-constituents  in  plants, 
in  the  rino  for  eiample,  may  be  increased  and  exalted 
by  auimal  manure.  Cow-dung  and  urine  being  rich 
in  carbonated  alkalies,  eierts  its  influence  chiOTy  on 
the  amount  of  sugar,  that  is,  of  the  fermentescible 
body.  Human  excrements,  on  the  other  hand,  contain 
only  phosphates,  and  act  most  powerfully  on  the  pro- 
duction of  the  blood-conHtituentB  (or  albuminous 
matters),  that  is,  of  the  ferments,  in  plants. 

It  is  easy  to  see,  that  by  careful  cultivation,  by  a 
proper  choice  of  manures,  we  can  affect  most  decidedly 
the  quality  of  the  juice  (for  example,  of  the  grape). 
When  the  grape  juice,  or  must,  is  rich  in  albuminous 
ferments,  we  act  rationatlj  in  adding  sugar  to  it, 
although  that  sugar  may  have  been  formed  in  another 
plant,  or  when  we  add  to  tbe  juice  of  the  unripe 
grapes  of  our  climate,  the  ripe  dried  raisins  of  a  more 
southern  one.  Scientifically  speaking,  these  additions 
ve  true  improvements,  which  in  no  sense  can  be 
regarded  as  deceptive  adulterations. 

Changes  in  the  nature  of  the  products  occur  in 
every  kind  of  fermentation,  caused  partly  by  changes 
of  temperature,  partly  by  the  presence  of  other  bodies 
than  the  chief  fermentescible  one,  which  are  drawn, 
as  it  were,  into  tbe  process  of  transformation.     Thus 
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we  obtMn  from  the  eame  grape  juices,  when  fermented 
iu  different  temperatures,  wines  of  different  quality 
and  character  ;  for,  according  as  the  temperature  of 
the  air  in  the  harreBt  seaaon  is  high  or  low,  accord- 
,  ing  to  the  depth  of  the  fermenting  cellar  and  its 
temperature  during  the  fermentation,  tlie  tjualitj,  the 
imeJI,  and  the  taste  of  the  wine  Taries.  A  coaatant 
temperature  in  the  fermenting  cellar,  and  a  fermenta- 
tion, not  tumultuouH,  but  gradual  and  ateadj,  are  the 
moat  favourable  conditions  within  our  power  to  realise, 
for  producing  a  noble  or  first  growth  wine.  It  will 
not  be  long  before  the  wine-growers  employ  in  the 
manufacture  of  wine  the  deep  rocky  caves  which  are 
found  BO  advontageouB  for  the  making  of  the  finer 
sorta  of  beer,  in  preference  to  all  other  cellara  ;  and 
the  advantage  of  these  caves  depends  chiefly  on  their 
constant  temperature. 

The  influence  which  extraneous  aubatanceB  exercise 
upon  the  products  of  vinous  fermentation  is  strikingly 
exemplified  in  the  fermentation  of  potato-maah.  It 
is  well  known  that  in  the  manufacture  of  potato-spirit 
an  oily  liquid  ia  obtained,  besides  the  alcohol,  pos- 
sessing poisonous  properties,  a  highly  disagreeable 
smell,  and  nauseous  taste  ;  this  ia  called  oil  of  po- 
tato-spirit, »T  fu»el  oil.  It  does  not  exist  ready  formed 
iu  the  potato,  but  ia  a  product  of  the  transformation 
of  sugar ;  for  it  is  produced  not  ooly  in  the  fermented 
potato-mash,  but  also  in  the  fermentation  of  the  taat 
syrups  obtained  during  the  preparation  of  the  beet- 
root sugar. 

This  fusel  oil  belongs,  by  ita  chemical  properties, 
to  the  same  class  of  bodies  as  alcohol ;  it  is  lui  alco- 
hol from  which  the  elements  of  water  have  been  sepa- 
rated. Two  atoms  of  fusel  oil  are  formed  by  the 
aggregation  of  £ve  atoms  of  alcohol,  with  the  separa- 
tion of  ail  atoms  of  water. 

Fuael  oil  is  produced  in  our  spirit  manufactories,  as 
an  accidental  and  accessory  product,  ia  such  large 
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quantities  that  it  is  used  for  ligliting  the  buildings. 
Its  formation  nerer  takes  place  in  fermenting  fluids 
containing  racemic  acid,  tartaric  acid,  tartar,  or  hi- 
tartrate  of  potash,  or  citric  acid,  or  certain  bitter 
substances,  such  as  hops,  or  the  extract  or  volatile  oil 
.  of  hops. 

Fusel  oil  is  formed  principally  in  alkaline  or  neutral 
fluids,  and  in  such  as  contain  lactic  acid  or  acetic  acid, 
and  its  production  in  the  potato-mash  may  be  pre- 
vented, in  a  great  measure,  by  the  addition  of  tartar 
to  the  fermenting  fluid. 

The  odour  and  flavour  of  nines  depend  invariably 
upon  certain  combinations  which  are  formed  during 
fermentation.  Old  Rhine  wines  contain  acetic  ether, 
many  of  them  a  very  minute  proportion  of  butyric 
ether,  nhich  impart  to  them  a  peculinr  and  agreeable 
smell  and  taste,  somewhat  resembling  old  Jamaica 
rum.  All  wines  contain  (Enantbic  ether,  upon  the 
presence  of  which  depends  their  vinous  odour. 

These  various  compounds  are  formed  partly  in  the 
process  of  fermentation  and  partly  while  the  wine  is 
in  the  cask,  by  the  action  of  acids,  which  are  present, 
upon  the  alcohol  of  the  wine.  (Enanthic  acid  seems 
to  be  produced  by  fermentation;  at  least  it  has  not 
been  detected  in  the  grape.  The  free  acids  which 
are  present  in  the  fermenting  juice  take  a  most 
decided  part  in  the  formation  of  those  aromatic 
matters  upon  which  odour  and  flavour  depend.  The 
wines  of  southern  regions  are  produced  from  perfectly 
ripe  grapes  ;  they  contain  tartar,  but  no  free  organic 
acids  ;  they  scarcely  possess  the  characteristic  odonr 
of  wine,  and  with  respect  to  bouquet  or  flavour  they 
cannot  bear  a  comparison  with  the  nobler  Frencli  or 
Rhenish  wines. 
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The  properties  of  common  animal  caseine  (clieese), 
and  the  influence  <n>bich  its  particles,  when  in  a  state  of 
decomposition  and  transposition,  exercise  upon  tbe 
particles  of  sugar  in  contoot  vith  them,  are  very 
remarkable  and  interesting  ;  but  far  more  eitraordi- 
nary,  and  of  euvpasaing  interest,  are  the  properties 
and  action  of  vegetable  caseioe,  as  it  is  contained  in 
the  milk  of  almonds.  It  is  universally  known  that 
when  Bweet  almonds  are  reduced  to  a  pulpy  mass, 
mixed  and  rubbed  down  with  from  four  to  six  times 
tbeir  weight  of  water,  they  yield  a,  fluid,  exhibiting, 
in  its  external  appearance  and  properties,  the  greatest 
analogy  to  very  rich  cow's  milk.  The  milky  ap- 
pearance of  almond  emulsion  is  caused  by  particles  of 
oil,  or  fat  in  a  state  of  minute  mechanical  division, 
being  difiused  through  it,  and  these  rise  to  the  surface 
vrhen  this  fluid  ts  left  at  rest,  and  arrange  themselves 
in  the  form  of  cream,  just  as  is  the  case  with  the 
milk  of  the  cow.  Almond-milk,  like  animal  milk, 
coagulates  npon  the  addition  of  vinegar,  and  after  a 
certain  time,  if  left  to  itself,  it  turns  sour.  This  milk 
contains  a  substance  exactly  aualogout),  in  its  pro- 
perties, to  animal  caseine  or  cheese,  and  of  the  same 
ready  mutability.  The  cheese  of  animal  milk  bepns 
to  undergo  alteration  from  the  instant  it  leaves  the 
udder  of  the  cow,  and  the  change  proceeds  in  it  con- 
tinuoudy,  although  it  only  becomes  perceptible  after 
the  lapse  of  some  time  in  the  coagulation  of  the  milk. 
In  a  manner  precisely  similar,  transformation  takes 
place  ID  the  elements  of  vegetable  caseine,  from  the 


caniMovCoO'^lt^ 


VEGETABLE  CA  SEINE  .—SALIC  INE.  195 

ret7  moment  tbat  sweet  dimonds  are  converted  into 
almond-milk.  The  vegetable  caseioo  of  the  almond, 
like  animal  caseine,  containB  Bulpliur,  but  it  contains 
a  larger  proportion  of  nitrogen  than  the  latter  suh- 
atance.  The  ciraumBtance  that  animal  caaeine  does 
not  produce  the  same  effect  as  a  ferment  in  all  cases 
is,  perhaps,  to  be  aBcribed  to  its  inferior  amount  of 
nitrogen. 

With  respect  to  tlieir  influence  upon  the  fermenta- 
tion of  Bugar,  the  properties  of  aniraal  and  vegetable 
caseine  are  identical.  If  to  a  solution  of  grape-sugar 
(which  is  the  same  in  composition  as  starch-sugar  and 
the  solid  part  of  honej)  milk  of  almonds,  or  pounded 
almonds  freed  by  means  of  cold  preeeure  from  their 
mixed  or  fatty  oil,  be  added,  and  the  miituro  be  kept 
in  a  warm  place,  it  will  soon  run  into  a  lively  vinous 
fermentation,  and  a  brandy  of  a  peculiar,  but  highly 
agreeable,  flavour,  may  be  obtained  by  distillation 
from  the  fermented  fluid. 

Animal  caseine  also  produces  the  same  effect ;  but 
the  vegetable  caseine  of  almond-milk  causes  decom- 
positions and  trauBformations  in  a  number  of  organic 
compounds,  sueb,  for  instance,  as  salicine  and  amyg- 
daline,  which  animal  caseine  does  not  produce. 

Salicine  is  that  constituent  of  the  bark  of  the 
willow  which  imparts  to  it  its  well-known  intensely 
bitter  taste,  and  the  property  of  assuming  a  carmine- 
red  tint  when  moistened  with  a  few  drops  of  concen- 
trated sulphuric  acid.  Salicine  may  be  very  easily 
extracted  from  willow-bark  by  means  of  water.  In 
its  pure  state  it  presents  the  form  of  white,  shining, 
long,  needle-like  crystals,  interwoven  with  each  other 
like  a  silken  web.  Salicine,  like  si^ar,  is  devoid  of 
nitrogen. 

If  salicine  is  placed  in  almond  milk,  its  bitter  tast« 
soon  disappears,  and  is  replaced  by  a  purely  sweet 
flavour.  At  this  juncture  all  the  salicine  has  vanished, 
and  we  have  grape-sugar  in  its  place,  together  with  a 
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neif  substance  totally  different  to  salicine,  namelj, 
taligenine. 

Sugar  and  aaligenine,  together,  contain  tLe  ele- 
ments of  Halicine.  An  atom  of  aalicine,  upon  coming 
into  contact  with  the  csseiue  of  almond-milk,  is  re- 
eolved  into  one  sugar  atom  and  one  saligenine  atom, 
without  the  addition  or  withdrawal  of  any  element 
whatever. 

The  ileportment  of  this  vegetable  caaeine  toward 
am jgd aline  is  eveD  still  more  remarkable.  The 
peculiar  products  which  are  obtained  from  bitter 
almonds  were,  for  a  long  time,  considered  to  be  a 
problem,  nearly,  if  not  altogether,  inexplicable,  until 
anajgdaline  was  discovered  to  be  a  constituent  of 
bitter  almonda,  and  the  changes  it  undergoes  from 
the  influence  of  vegetable  caseine  were  brought  to 
light. 

If  bitter  almonds  are  finely  powdered,  mixed  with 
water,  and  submitted  to  distillation,  au  aqueous  fluid 
is  obtained,  with  a  strong  odour,  eihibiting  a  milky 
appeai-ance  from  a  number  of  small  oil-globules  being 
suspended  in  the  fluid  ;  these  globules  of  oil  coalesce, 
subside,  and  form  a  stratum  of  oil  at  the  bottom  of 
the  vessel.  This  oil  is,  therefore,  heavier  than  water; 
it  is  also  volatile,  and  has  a  powerful  smell  and  taste 
of  bitter  almonds  :  moreover,  it  is  characterised  by  the 
property  of  solidifying,  when  exposed  to  the  air,  with 
the  absorption  of  oxygen,  into  inodorous  crystals  of 
benzoic  acid.  Besides  this  volatile  oil, — which  is  an 
article  of  commerce  to  a  considerable  amount,  being 
used  in  perfumery, — the  water  passing  over  contains 
also  a  considerable  proportion  of  hydrocyanic  acid. 
Neither  of  these  two  products  of  the  distillation  of 
bitter  almonds  with  water,  uamely,  hydrocyanic  acid 
and  oil  of  bitter  almonds,  can  be  detected  by  any 
means  in  tie  bitter  almond  itself.  Were  theycon- 
tained  in  the  bitter  almond,  as  oil  of  turpentine  exists 
in  the  resin  of  the  pine,  or  oil  of  roses  in  the  roso- 
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petals,  we  might,  of  course,  feel  assured  that  they 
would  admit  of  being  extracted  from  the  aJmonda  by 
means  of  fatty  or  fixed  oils,  or  other  Bolvents.  But 
the  fat  oil,  which  is  easily  ohtaiued  from  bitter 
almonds  by  pressure,  is  as  bland  and  insipid  aa  that 
flipresaed  from  sweet  almonds  ;  not  the  slightest 
trace  of  hydrocyanic  acid,  Dor  of  the  volatile  oil  of 
bitter  almonds,  can  be  detected  in  it,  although  both 
substances  are  readily  soluble  in  it.  If  bitter  Mmondg 
are  boiled  with  alcohol,  not  a  trace,  either  of  hydro- 
cyanic acid,  or  of  the  volatile  oi!  of  bitter  almonds,  is 
found  in  the  alcohol ;  but,  upon  eraporation,  a  white 
crystalline  substance  is  obtained,  of  easy  solubility  in 
water,  which  imparts  to  its  solution  a  slightly  bitter 
taste.  This  substance  differs  materially  from  sugar 
and  salicine  by  invariably  containing  a  small  amount 
of  nitrogen.  It  ia  termed  auyod\line.  The  dis- 
«overer  of  this  substance  concluded  that  the  hydro> 
cyanic  acid  and  volatile  oil  of  bitter  almonds  are 
formed  from  it,  or  that  the  elements,  the  combination 
jof  which  furnish  those  two  bodies,  must  have  aggre- 
gated, through  the  action  of  alcohol,  to  form  amygda- 
line.  Not  finding  any  key  to  this  eoigma,  he  (as  is 
but  too  irequently  done)  ascribed  the  formation  of 
amygdaline,  or  the  transformation  of  its  elements  into 
hydrocyanic  acid  and  oil  of  bitter  almonds,  to  the  co- 
operation of  an  intangible  and  invisible  something, 
which,  from  its  nature,  must  be  beyond  the  reach  of 
our  understanding. 

All  these  phenomena  admit  of  a  very  simple  expla- 
nation. We  now  know  that  upon  bringing  a  solution 
of  amygdaline  and  water  into  fresh  almond-milk, 
decomposition  takes  place  in  the  course  of  a  few 
seconds,  and  the  amygdaline  atom,  in  consequence  of 
a  new  mode  of  molecular  arrangement,  resolves  itself 
into  hydrocyanic  acid,  volatile  oil  of  bitter  almonds, 
and  sugar,'  the  atoms  of  which,  ninety  in  number, 
were,   with  the  exception  of  four  atoms  of  water, 
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which  have  been  taken  up,  Aggregated  iato  one  ^roap 
in  the  amygdaline  atom  ;  that  is,  the  amygdaliDe  is 
conHtituted  of  the  elements  of  all  these  auhataaces 
combiaed  into  a  single  group  or  atom. 

The  quantity  of  amygdaline  which,  under  these 
ciriiumBtaDces,  is,  through  the  agency  of  vegetable 
caaeiue,  separated  into  those  different  compounds, 
depends,  in  a  certain  measure,  upon  the  amount  of 
water  present  in  the  mixture.  Whether  the  water  is 
sufficient  to  dissolve  all  the  new-formed  prodacts,  or 
insufficient  for  that  purpose,  deteiinines  whether  all 
the  amjgdaline  or  only  a  part  of  it  becomes  decom- 
posed. The  volatile  oil  of  bitter  almonds  requires 
thirty  parts  of  water  for  its  solution,  the  other  products 
require  less.  If,  therefore,  only  so  much  amygdaline  is 
added  to  the  alraond-millc  that  to  thirty  parts  of  water 
no  more  than  one  part  of  oil  of  bitter  almonds  could 
be  formed  from  it,  the  whole  of  the  amygdaline  dis- 
appears ;  if  more  amygdaline  than  this  proportion  is 
added  to  the  mixture,  the  amygdaline  added  in  excess 
undergoes  no  alteration.  It  is  very  evident  that  the 
chemical  affinity  of  the  water,  that  is,  its  solvent 
power,  plays  a  part  in  this  process  of  transformation  ; 
its  affinity  or  attraction  for  one  of  the  products  co- 
operates as  a  cause  of  decomposition. 

Now,  since  the  white  constituent  of  bitter  almonds 
is  absolutely  identical  with  the  vegetable  caseine  of 
sweet  almonds.  It  may  easily  be  conceived  that  the 
amount  of  amygdaline  existing,  as  such,  in  almonds, 
depends  solely  upon  the  greater  or  lesser  amount  of 
moisture  contained  in  them — a  part  of  the  amygdaline, 
proportionate  to  the  amount  of  water  present,  exists 
in  the  almond  only  in  its  products.  A  quantity  of 
amygdaline,  corresponding  to  the  small  amount  of 
moisture  in  the  almonds  is  only  to  be  traced  in  the 
form  of  the  products  of  its  transformation  ;  hence  the 
smell  and  taste  of  the  bitter  almonds  ;  but  when 
the  almonds  are  finely  powdered  and  mixed  up  with 
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a  large  amount  of  water — when  they  are  converted, 
for  instance,  into  almoDd  milk, — the  amount  of 
amygdaline  decreases  with  the  increasing  proportion 
of  n'ater  added,  uutil,  at  last,  upon  the  further 
addition  of  water,  it  altogether  diaappears. 

The  deportment  of  amygdaline,  with  the  white 
caseous  constituent  of  almonds,  assumes  a  stil!  higher 
degree  of  interest  when  we  consider  tliat  the  presence 
of  amygdaline  in  the  almonds  depends  upon  the  acci- 
dental position  of  the  tree  upon  which  the;  grow. 
Botanists  can  find  no  perceptible  difference  between 
two  trees,  one  of  which  hears  sweet,  the  other  bitter 
aJmonds.  Instances  are  known  of  trees bearingbitter 
almonds  which,  by  simple  transplantation,  were  made 
to  produce  sweet  almonds  ;  and  this  is  certainly  one 
of  the  most  interesting  examples  of  the  influence 
which  certain  constituents  of  the  soil  exercise  upon 
the  vital  processes  of  plants. 

The  effect  of  tlie  presence  of  water  upon  the 
existence  of  certain  organic  combinations  is  abumk 
antly  evident  from  the  foregoing  facts  ;  there  are, 
however,  other  instances  which  may  be  adduced  in 
illustration,  so  highly  interesting  in  themselves,  that 
we  cannot  avoid  introducing  them  in  connection  with 
this  subject. 

It.is  well  known  to  every  oue  that  mustard -seed, 
powdered,  and  formed  into  a  paste  with  water,  yields 
in  the  course  of  a  few  minutes  a  mixture  which, 
placed  upon  the  skin,  produces  excessive  irritation,  so 
much  so  as  even  to  raise  blisters.  This  action  is 
caused  by  a  volatile  oil  containing  sulphur,  but  iree 
from  oxygen.  This  oil  may  be  obtained  from  mustard 
by  distillation  with  water,  in  the  same  manner  as  the 
oil  of  bitter  almonds  is  obtained  from  bitter  almonds. 
It  is  to  this  volatile  oil  that  the  mustard  eaten  at 
table  owes  its  smell  and  taste.  In  its  purest  state 
it  is  frightfully  acrid  and  pungent.  Now,  in  the 
mustard-seed  there  exists  no  trace  of  this  oil  ;  the 
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fixed  o!l  expreseed  from  nuatard-aeeda  ia  bland  and 
destitute  of  anj  pungency.  The  volatile  oil  ia 
formed  from  ft  substance  rich  ia  sulphnr  and  nitrogen, 
and  possessing  itself  no  pangeooj.  This  substance, 
by  the  action  of  the  Tegetable  caseine  contained  in  the 
mustard-seeds,  undergoes  decomposition  immediately 
upon  the  addition  of  a  aufGcieut  amount  of  water,  and 
the  Tolatjle  pungent  oil  is  one  of  the  new  products 
originating  from  the  transposition  of  its  elements. 

As  vegetable  caseine,  in  the  seeds  of  mustard  and 
in  almonds,  exercises  a  decompoaing  influence  upon 
the  other  conBtituents  of  the  same  aeeda,  in  conse- 
quence of  the  state  of  tranaformation  into  which  it 
passes  immediatelj  upon  coming  into  contact  with 
water,  so  also  the  similarly  constituted  sulphur  and 
nitrogen  compounds  of  nearly  all  seeds  comport 
themaeWes,  and  especially  that  contained  in  the  grain 
of  tLe  cereals,  well  known  under  the  term  ffluten. 

The  flower  of  wheat,  rye,  or  any  of  the  cereals, 
when  mixed  with  twenty  times  its  amount  of  water  at 
75°  C,  =  167°  P.,  yields  a  thick  paste,  which,  after 
the  lapse  of  a  few  hours,  becomes  thin  and  fluid,  and 
assumes  a  very  sweet  taate.  The  starch  of  the  flour 
absorbs  a  certain  amount  of  water,  and,  in  conae- 
quence  of  a  new  manner  of  arrangement  of  its  atoms, 
changes  first  into  a  kind  of  gum,  and  then  into  grape- 
sugar.  This  transformation  is  caused  by  the  gluten 
of  the  flour  passing  itself  into  a  state  of  decomposition. 
The  liquefaction  of  the  dough  in  the  preparation  of 
bread  depends  upon  the  aame  cause. 

The  same  formation  of  sugar  takes  place  in  the 
germination  of  corn.  All  the  starch  contained  in 
wheat,  barley,  rye,  &c.,  becomes,  daring  the  develop- 
ment  of  the  germ,  converted  into  sugar  by  the  action 
of  the  adjacent  particles  of  gluten.  The  gluten 
itself  assumes  quite  altered  properties  ;  it  becomes 
soluble  in  water,  like  starch. 

If  the  aqueous  extract  of  germinated  corn  (malt). 
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prepared  id  the  brewing  of  beer,  which  is  called 
Bweet-vorts,  is  heated  to  the  boiling  point,  a  quantity 
of  the  gluten  which  had  become  Boluble  anddisaoWed 
in  it,  separates  in  a  state  in  which  it  cannot  be  dis- 
tinguished from  coagulated  animal  albumen.  The 
remaining  portion  of  the  gluten  is  contained  in  the 
worts,  in  the  same  state  of  solution  as  the  matter  in 
the  juice  of  the  grape  ;  and  when  it  is  boiled  with 
bops,  concentrated  bj  evaporation,  and  mixed  with 
beer  yeast,  there  is  obtained, after  fermentation,  beer; 
while  the  dissoWed  gluten  separates  as  beer  yeast,  in 
a  quantity  20  to  30  times  greater  than  that  of  the 
yeast  added  to  the  worta. 

In  living  organisms  we  observe,  on  the  great  scale, 
phenomena  of  a  similar  kind,  dependent  upon  identi- 
cally the  same,  or,  at  least,  closely  analogous  causes. 
Many  plants  with  woody  stems  are  fonnd  to  contain 
in  autumn  a  matter  perfectly  like  the  starch  of  pota- 
toes, or  of  the  cereals,  deposited  in  the  substance  of 
the  wood,  which  in  the  spring,  when  the  plants  re- 
awaken to  life,  becomes  converted  into  sugar.  The 
OBcendiug  juice  of  the  maple  is  so  rich  in  sugar  that 
in  regions  where  this  tree  occurs  in  such  numbers  as 
to  form  forests,  its  juice  is  employed  in  the  monufac- 
tore  of  sugar.  We  have  every  reason  to  believe  that 
this  Bugar  is  formed  by  a  transformation  of  starch,  in 
a  precisely  similar  manner  as  the  sugar  of  germinating 
seeds. 

The  maturation,  as  it  is  called,  or  sweetening  of 
winter  fruits,  when  stored  up  for  their  preservation 
in  straw,  is  the  result  of  a  tme  fermentation.  Un- 
ripe apples  and  pears  contain  a  considerable  amount 
of  starch,  which  becomes  converted  into  sugar  by  the 
nitrogenous  constituent  of  the  juice  passing  into  a 
state  of  decomposition,  and  transmitting  its  own 
mutations  to  the  particles  of  starch  in  contact  with  it. 

Redteubacher  has  recently  found  formic  acid  to  be 
a  product  of  the  fermentation  of  the  leaves  and  twigs 
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of  pineB.  This  discover;  is  the  more  interesting,  aa 
it  will  probably  enable  ub  to  explain  the  presence  of 
this  acid  in  ariia,  especially  iu  those  species  of  these 
animals  which,  for  their  nourishment,  partake  only  of 
substances  in  which  no  formic  acid  can  be  found. 

The  skin  of  animals,  the  mncous  membrane  of  the 
stomach  and  intestines,  and  the  urinary  bladder,  have 
many  properties  in  common  with  gluten  and  yeaet. 
In  their  fresh  state  these  substances  exercise  not  the 
slightest  influence  upon  starch  or  milk'SUgar,  but 
when  placed  in  water  for  a  few  hours,  or  even'when 
simply  exposed  to  the  atmosphere,  they  quickly  pass 
into  a  state  of  decomposition,  which  renders-. them 
capable  of  converting  with  great  rapidity  starch  .into 
sugar,  and  milk-sugar  into  lactic  acid. 

This  property  of  the  mucous  membrane  of  the 
stomach  of  the  calf  has  been  made  use  of  from  time 
immemorial,  in  the  preparation  of  cheese,  in  order 
to  make  milk  coagulate,  or,  in  other  words,  to  effect 
a  separation  of  the  cheese  from  the  other  constituents 
of  milk. 

The  solubility  of  cheese  in  milk  is  in  consequence 
of  the  presence  of  alkaline  phosphates  and  o!  &ee 
alkalies.  In  fresh  milk  these  substances  tnay  be 
easily  detected  by  the  property  it  possesses  of  restoring 
the  blue  colour  to  reddened  litmus-paper.  The 
addition  of  any  acid,  by  neutralising  the  alkali, 
causes  the  cheese  to  separate  in  its  naturally  insolu'ble 
state.  The  acid  indispensable  for  the  coagulation  of 
milk  is  not  added  to  the  milk  in  the  preparation 
of  cheese,  but  it  is  formed  in  the  milk  at  the  expense 
of  the  mitk-HUgar  present,  A  small  quantity  of  water 
is  left  in  contact  with  a  smalLpiece  ef  a  calfs  stomach 
for  a  few  hours  or  for  a  night  ;^the  water  absorbs  a 
quantity  of  the  decomposed  mucous  membrane  so  mi- 
nute as  to  be  scarcely  ponderable ;  this,  called  rennet, 
is  mixed  with  milk ;  its  state  of  transformation  is 
communicated  (and  this  is  here  the  most  important 
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cironmBtance)  not  to  the  cheese,  but  to  the .  milk- 
sugar,  the  elements  of  which  transpose  themselves 
into  lactic  acid,  which  neutralises  the  alkali,  and  thus 
causes  the  separation  of  the  cheese.  B;  means  of 
litmus-paper  the  process  maj  be  followed  and  observed 
through  nil  its  stages  ;  the  alkaline  reaction.*, of.  the 
milk  ceases  as  soon  as  the  coagujation  begins,  i  If 
the  cheese  be  not  immediately  separated  from, the 
whey,  the  forniation  of  lactic  acid  continues,  -the 
fluid  turns  acid,  and  the  cheese  itself  passes  into  a 
state  of  decomposition. 

Fresh  cheese-curd,  carefully  freed  from  wafer  and 
milk-sugar,  by  eipresBion,  and  the  addition  of  salt,  is 
a  miituie  of  caseine  and  butter  ;  it  contains  all  the 
phosphate  of  lime,  and  part  of  the  phosphate  of  soda, 
of  the  milk.  When  kept  in  a  cool  place,  a  series  of 
transformations  takes  place,  In  conBcquenco  of  which 
it  assumes  entirely  new  properties  ;  it  gradually 
becomes  semi-transparent,  and  more  or  less  soft 
throughout  the  whole  mass  ;  it  exhibits  a  feebly  acid 
re-action,  and  developes  the  characteristic  caseouB 
odour.  Fresh  cheese  is  vei^'  sparingly  soluble  in  water, 
but  after  having  been  left  to  itself  for  two  or  three 
years  it  becomes — especially  if  all  the  fat  he  previously 
removed — almost  completely  soluble  in  cold  water, 
forming  with  it  a  solution,  which,  like  milk,  is  coagu- 
lated by  the  addition  of  acetic  acid  or  the  mineral 
acids.  The  cheese  which,  while  fresh,  is  insoluble, 
returns  during  the  maturation,  or  ripening,  as  it  is 
called,  to  a  state  similar  to  that  in  which  it  originally 
eriated  in  the  milk.  In  those  English,  Dutch,  and 
Swiss  cheeses  which  are  nearly  inodorous,  and  in  the 
superior  kinds  of  Freuch  cheese,  the  caseine  of  the 
mUk  is-  present  in  its  unaltered  stale.  The  odour 
and  flavour  of  cheese  is  owing  to  the  decomposition  of 
the  butter  ;  the  non-volatile  acids,  margaric  actd  and 
oleic  acid,  and  the  volatile  butyric  acid,  capric  and 
eaproic    acids,  are  liberated  in  conseijueuce  of  the 
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decomposition  of  glycerine  (the  sweet  principle  of  oils, 
or,  as  it  might  be  termed,  the  sugar  of  oil).  The 
volatile  acids  impart  to  cheese  only  its  characteristic 
caseous  odour,  and  the  differences  in  its  paogencj  or 
aromatic  Savour  depend  upon  the  proportioD  of  free 
butyric,  capric,  and  caproic  acids  present. 

The  transition  of  caseine  from  its  insoluble  into  its 
soluble  state  depends  upon  the  decompoMtion  of  the 
phosphate  of  lime  by  the  margaric  acid  of  the  butter : 
margarate  of  lime  is  formed  whilst  the  phosphoric  acid 
combines  trith  the  caseine,  forming  a  compound  soluble 

The  bad  smell  of  inferior  hinds  of  cheese,  especially 
those  caUed  meagre  or  poor  cheeses,  is  caused  by 
certain  fetid  products  containing  sulphur,  and  which 
are  formed  by  the  decomposition  or  putrefaction  of  the 
caseine.  The  alteration  which  the  butter  undergoes 
(that  is,  in  becoming  rancid],  or  which  occurs  in  the 
milk-sugar  still  present,  being  transmitted  to  the 
caseine,  changes  the  composition  of  the  latter  sab- 
stance  and  deteriorates  its  nutritive  properties. 

The  principal  conditions  for  the  preparation  of  the 
superior  kinds  of  cheese  (other  obvious  circumstances 
being,  of  course,  duly  regarded)  arc,  a  careful  removal 
of  the  whey,  which  holds  the  milk-sugar  in  solution, 
and  a  low  temperature  during  the  maturation  (or 
ripening)  of  the  cheeae>* 

*  Ths  qiulitj  of  Roqnefort  cbedH,  wbinh  i«  prepared  fram 
■heep't  milk,  and  ia  very  excellent,  depaadg  eictiuivel;  upoa  tba 
placea  where  the  cheeaea  ■!«  kept  after  pressing,  and  during  malu- 
ratioD.  These  are  cellsre,  comiuuuicaiing  with  mountun  grottoea 
and  caTerne,  which  are  kept  constantlj  ci»I,  at  about  41°  to  42° 
Pahr.,  b:r  cucrenta  of  air  from  the  rlEfti  in  the  mountaiDa.  The 
»»loe  of  theae  cellara,  or  storehonsee,  Tariea  with  their  property  of 
maiutaJDing  an  equable  and  low  temperature.  Oiron  (Ann.  da 
Chimie  et  de  Phyaiqiie,  ik.  371 )  mentiooa,  that  a  certain  cellar, 
the  canBtrucCion  of  whioh  had  coal  480{,  (12,000  francs),  was  aold 
for  eeml.  (SIS.OOO  <iwici),  being  found  to  mvntsia  a  auilable 
temperature.  A  convindng  f^vof  of  the  importance  attached  to 
tempenture  in  the  prepaniioa  of  theee  superior  cheeses. 
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Tiie  difiereDces  in  flavour  and  odour  of  various  kinds 
of  cheese  depend  upon  the  methods  employed  in  their 
manufacture — upon  the  Btate  of  the  rennet  when 
added  to  the  milk — upon  the  addition  of  salt,  and 
upon  the  state  of  the  atmosphere  during  the  period  of 
making.  It  must  be  admitted  that  the  plants,  and 
especidly  the  aromatic  plants,  upon  which  the  animals 
feed,  exercise  some  influence  upon  the  quality  of  the 
cheese  ;  but  this  influence  is  verj  slight  and  subor- 
dinate. The  milk  of  the  cow  in  spring,  summer,  and 
autumn,  is  very  unequal  in  its  composition,  but  this 
does  not  occasion  any  perceptible  difference  in  the 
cheese  prepared  in  one  and  the  same  diury.  If  the 
plants  upon  which  the  cows  feed  exercised  any  con- 
siderable influence  upon  the  qunlitj  of  cheese,  the 
same  pastures  could  not,  at  different  seasons,  furnish 
cheese  of  similar  quality,  inasmuch  as  the  develop- 
ment and  flowei'ing  of  different  species  of  plants 
belong  to  various  seasons. 

I  have,  by  personal  inspection,  satisfied  myself  that 
the  method  of  preparing  the  cheese  is  quite  different 
in  Cheshire  from  that  practised  in  Gloucestershire,  and 
this,  again,  differs  ^om  the  plan  pursued  in  the 
manufacture  of  Stilton  cheese. 

The  lining  membrane  of  the  stomach  of  the  calf, 
and  the  mucous  membrane  of  the  stomach  of  animals 
generally,  besides  the  power  of  converting  milk^ugar 
into  lactic  acid,  possess  the  property  of  render- 
ing soluble,  or  liquefying,  solid  animal  matters,  when 
weak  hydrochloric  acid  is  present.  The  phenomena 
observ^  in  this  chemical  operation  have  thrown  a  new 
and  unexpected  light  upon  the  process  of  digestion 
in  the  living  animal  organism.  All  ferments,  as  they 
are  called,  that  is,  substances  which  are  capable  of 
exciting  fermentation,  possess  also,  in  a  certain  stage 
of  their  transformation,  this  power  of  liquefying  and 
rendering  soluble  various  atiments.  We  have  already 
Been  that  extract  of  malt,  and  gluten,  possess  this 
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power  in  reference  to  starch,  but  these  are  tht  sur- 
passed in  this  property  hj  the  mucous  membrane  of 
the  stomach,  If  a  email  portion  of  calf's  stomach 
or  rennet  is  placed  for  a  kw  hours  in  warm  water, 
mixed  with  ho  small  an  amount  of  hydrochloric  acid 
as  scarcely  to  impart  an  acid  taste  to  the  water,  a 
solution  is  obtained  which  acts  upon  boiled  meats, 
upon  gluten,  and  upon  hard-boiled  white  of  egg,  in 
exactly  the  same  manner  as  the  gastric  juice  in  the 
liriog  stomach.  This  artificial  digestive  fluid  is  like 
gastric  juice,  inasmuch  as  both  hare  an  acid  reaction, 
owing  to  the  presence  of  hydrochloric  acid.  When 
pieces  of  muscular  filire,  or  hard-boiled  albumen,  are 
exposed  in  this  artificial  digestive  fluid  to  a  tempera- 
ture of  37°  C.  (the  temperature  of  the  stomach  =: 
986°  Fahr.),  they  speedily  become  slimy,  and  trans- 
parent at  the  edges,  and  after  the  lapse  of  a  few 
hours  they  become  dissolved  in  a  fluid  rendered 
slightly  turbid  by  particles  of  fat.  The  dissolving 
power  of  the  hydrochloric  acid,  per  se,  becomes,  by 
the  addition  of  a  scarcely  ponderable  amouot  of 
mucous  membrane,  in  a  state  of  decomposition,  acce- 
lerated so  greatly,  that  solution  takes  place  in  a  fifth 
part  of  the  time  which  is  required  under  ordinary 
circumstances. 

Physiologists  have  observed  that  in  digestion  the 
whole  of  the  inner  surface  of  the  meinbrane  of  the 
stomach,  the  epithelium,  separates  completely  from  the 
other  layers  of  the  membrane. 

It  cannot  be  disputed  that  this  epithelium,  in  coming 
into  contact  with  the  oiygen  which  the  saliva  carries 
into  the  stomach,  inclosed  in  its  air  bubbles  or  froth, 
undergoes  an  alteration,  ia  consequence  of  which  the 
contents  of  the  stomach  are  dissolved  in  the  shortest 
possible  time. 

It  was  for  a  long  time  believed  that  the  accelerated 
dissolving  power,  which  the  mucous  membrane  of  the 
stomach  imparts  to  the  hydroohlorio  fluid,  depended 
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Upon  tlie  preBCDce  of  a  particular  substance  called 
p^sine,  a  kind  of  digestive  agent.  The  same  opiDion 
prevailed  respecting  a  substance  called  diastase,  con- 
tained in  the  eitract  of  malt,  bj  which  starch  is  con- 
verted into  sugar ;  and  these  substances  have  received 
certain  deEignatious. 

But  what  Lave  been  called  pepsine  and  diaHate 
are  nothing  more  than  a  portion  of  mucous  membrane, 
or  of  gluten  having  passed  into  a  state  of  decompo- 
ution.  The  action  of  these  bodies  depends  entirely 
upon  their  condition,  Just  as  is  the  case  with  jeast. 

With  a  piece  of  the  mucous  membrane  of  the 
stomach,  in  a  certain  stage  of  decomposition,  we  may 
render  certain  animal  substances  soluble ;  whilst, 
with  the  same  membrane,  in  other  stages  of  decom- 
position, we  may  convert  starch  into  sugar,  sugar  into 
Jactic  acid,  mannite,  and  mucus  ;  or,  into  aikohol 
and  carhonic  acid  :  and  lactic  acid  into  butyric  acid, 
hydrogen  and  carbonic  acid. 

In  the  same  manner  a  wntory  infusion  of  fresh 
malt  will  convert  starch-paste,  in  the  space  of  a  few 
minutes,  into  grape-sugar.  The  infusion  or  extract 
of  mnlt  loses  this  property  after  tbejapse  of  a  few 
days,  and,  in  its  stead,  acquires  the  power  of  con* 
Terting  grape-sugar  into  lactic  acid,  mamjite,  and 
gum.  And,  again,  after  eight  or  ten  days,  the 
infusion  becomes  turbid,  and  it  now  causes  the  resolu- 
tion of  the  sugar  atom  into  alcohol  and  carbonic  acid. 

The  phenomena  we  have  described,  if  considered 
in  their  true  signification,  prove  that  the  decompo- 
utions  and  transformaljons  which  occur  in  the 
processes  of  fermentation,  are  effected  by  matter, . 
the  smallest  particles  or  atoms  of  which  are  in  a  state 
of  motion  and  transposition,^a  state  susceptible  of 
being  communicated  to  other  atoms  in  contact  with 
the  former,  so  as  to  cause  the  atoms  and  elements  of 
these  latter  also,  in  consequence  of  tbe  resulting 
disturbance  of    the  equilibrium    of   their  cheinicu 
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attroctiou,  to  change  their  poaiciou,  and  to  arrange 
theniselvea  into  one  or  more  new  groups. 

We  haTe  observed  that  the  products  formed  duriog 
fermentation  alter  with  the  temperature,  and  with  the 
Btate  of  transformation  in  which  the  particles  of  the 
ferment  exist.  Hence  it  is  obvious  that  the  new 
manner  of  molecular  arrangement,  which  determines 
the  nature  and  properties  of  the  new-formed  products, 
stands  in  a  detinite  and  immediate  relation  to  the 
mode  and  manner,  direction  and  energy,  of  the  motion 
and  force  acting  upon  them. 

All  organic  suhstances  become  exciters  of  fer- 
mentation as  soon  as  they  pass  into  a  state  of  decom- 
position ;  the  changing  condition  once  imparted, 
propagates  itself  in  every  organic  atom,  which  is  not 
itself,  that  is,  by  its  own  inherent  energy,  capable  of 
annihilating  the  imparted  motion,  by  presenting  an 
adequate  resistance. 

Putrescent  flesh,  blood,  bile,  urine,  the  raucons 
membrane  of  the  stomach,  have  this  property  in 
common  with  substances  occurring  in  certain  parts  of 
plants,  or  in  the  vegetable  juices.  All  substances 
capable  of  exciting  fermentation,  that  is,  as  we 
understand  it,  all  those  complex  atoms  which,  upon 
the  mere  contact  of  water  or  of  oxygen,  pass  into  a 
state  of  decomposition,  possess  certain  properties  in 
common ;  but  every  one  of  these,  also,  produces 
certain  effects  peculiar  to  itself,  and  it  is  in  this 
respect  they  differ  essentially  from  each  other.  These 
latter  peculiar  and  individusJ  actions  and  effects  stand 
in  the  closest  relation  to  their  composition.  Thus, 
.  the  vegetable  caseine  of  almonds  acts  upon  starch 
and  sugar  precisely  lite  gluten  or  yeast ;  but  gluten 
and  yeast  are  not  capable  of  resolving  salicine  into 
fialigenine  and  sugar,  or  amygdaline  into  hydrocyanic 
acid  and  oil  of  bitter  almonds. 

In  like  manner,  animal  membranes,  in  a  certain 
condition,  acquire  all  the  properties  of  fermenting 


caniMovCoO'^lt^ 


ATOMIC  MOTION  COMMTINTCABLE.  209 

animal  cheeae  or  caseine,  but  tbe  latter  substance  bas 
no  perceptible  influence  upon  the  Eolyent  power  of 
bydrochlorie  acid,  upon  the  liquefaction  of  coagulated 
album  OQ  and  fleab. 

All  the  phenomena  of  fermentation  when  taken 
together  establish  the  correctness  of  the  principle 
long  since  recognised  bj  Laplace  and  Bertbollet, 
namely,  that  an  atom  or  molecule  put  in  motion  by 
any  poteer  ichalever  may  communicate  its  ovm  motion 
to  another  atom  in  contact  with  it. 

This  is  a  dynamical  law  of  the  most  general 
application,  manifested  everywhere,  when  the  resist- 
ance or  force  opposing  the  motion,  such  as  the  vital 
principle,  the  force  of  afGnity,  electricity,  cohesion, 
&c.,  is  not  sufficiently  powerful  to  arrest  the  motion 
imparted. 

This  law  las  only  recently  been  recognised  as  a 
cause  of  the  alterations  in  forma  and  properties  which 
occur  in  our  chemical  combinations  ;  and  its  establish- 
ment is  the  greatest  and  most  enduring  acquisition 
which  chemical  science  has  derived  from  the  study  of 
fermentation. 


LETTER  XVn. 


The  immediate  and  most  energetic  cause  of  all  the  . 
alterations  and  transformations  nhich  organic  atoms 
undergo  is,  as  I  have  already  stated,  the  chemical 
action  of  oiygen.  Fermentation  and  putrefaction 
manifest  themselves  only  in  consequence  of  the  com- 
mencement of  a  process  of  decay  ;  their  completion  is 
the  restoration  of  a  state  of  equilibrium.  Whilst  the 
oiygen  is  in  the  act  of  combining  with  any  one  of  the 
elements  of  an  organic  substance,  the  original  state  of 
equilibrium  ofattraotion  in  all  its  elements  is  destroyed. 
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tlie  substance  decomposes,  resolving  itself — all  tbe 
molecuUr  tLttractioDS  heiag  again  equalised — into  a 
aeries  of  new  products,  which  undergo  no  further 
change  ia  their  properties  uoless  further  causes  of 
disturbance  or  alteration  are  brought  to  operate  upon 

But  although  the  chemical  action  nhich  the  elements 
of  organic  atoms  cierciHe  upon  each  other  in  ferment- 
ation and -putrefaction  balances  itself,  in  such  a  manner 
that  a  ctate  of  rest  is  induced  between  the  attractjoos 
of  the  new  formed  products,  yet  this  equilibrium  does 
not  exist  with  respect  to  their  attraction  for  ozjgen. 
The  chemical  aciion  of  oxygen  upon  organic  suh- 
Btances  ceases  onlj  when  the  capacity  of  the  elements 
to  combine  with  oxygen  is  exhausted.  That  action 
consists  in  nothing  more  than  the  affinity,  or  tendency 
of  the  oxygen  to  combine  with  those  elements.  A 
perfect  equalisation  of  this  tendency,  therefore,  can 
only  ensue  when  the  elements,  by  combining  with 
oxygen,  have  formed  such  products  as  are  totally 
incapable  of  absorbing  any  additional  amount  of 
oxygen.  It  is  only  then  that  the  attractions  of  the 
elements  of  organic  substances  attain  a  perfect  equili- 
brium with  those  of  oxygen. 

Fermentation  or  putrefaction  represents  tbe  first 
stage  of  the  resolution  of  complex  atoms  into  more 
simple  combinations  :  the  process  of  decay  completes 
the  circulation  of  the  elements  by  transposing  tbe 
products  of  fermentation  and  putrefaction  into  gaseona 
compounds.  Thus  the  elements  constituting  all  organ- 
ised beings,  which  previously  to  participating  in  the 
vital  process  were  in  the  forms  of  oxygen  compounds, 
— their  carbon  and  hydrogen,  reassume  the  form  of 
oxygen  compounds.  Theprocess  of  decay  is  apraoett 
of  cotnbuttion  talcing  place  at  (&«  common  tempera- 
ture,*  in  which  the  products  of  tbe  fermeutation  and 
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pntrefaction  of  plants  and  BDimuI  bodies  combine 
gradually  with  the  oxygen  of  the  atmosphere. 

No  organised  substance,  no  part  of  any  plant  or 
anunal,  after  the  extinction  of  the  vital  principle,  ib 
capable  of  resisting  the  chemical  action  of  air  and 
moisture  ;  for  all  the  power  of  resistance  which  they 
temporarily  possessed  as  the  bearers  of  life,  as  the 
Beat  of  the  vital  manifestations,  completely  ceases  with 
the  death  of  the  organism  ;  their  elements  fall  again 
under  the  unlimited  dominion  of  the  chemical  forces. 

The  clearing  of  the  primeval  forests  of  America, 
facilitating  the  access  of  air  to  that  s(hI,  so  rich  in 
vegetable  remains,  alters  gradually,  but  altogether,  its 
constitution  :  after  the  lapse  of  a  fetr  years  no  trace 
of  organic  remains  can  be  found  in  it.  The  soil  of 
Germany,  io  the  time  of  Tacitus,  was  covered  nith  a 
dense,  almost  impenetrable,  forest ;  it  must  at  that 
period  have  exactly  resembled  the  soil  of  America, 
and  have  been  rich  in  humus  and  vegetable  substances ; 
but  all  the  products  of  vegetable  life  in  thcrae  primeval 
forests  have  completely  vanished  from  our  perceptions. 
The  innumerable  millions  of  molluscous  and  other 
animals,  whose  remains  form  extensive  geological 
formations  and  mountains,  have,  after  death,  passed 
into  a  state  of  fermentation  and  putrefaction,  and 
subsequently,  by  the  continuous  action  of  the  atmo- 
sphere, all  their  soft  parts  have  been  transposed  into 
gaseous  compounds,  and  their  shells  and  hones,  their 
indestructible  constituents,  alone  remain,  to  furnish 
evidouce  of  the  past  existence  of  life,  continually 
extinguished,  and  continually  reproduced. 

It  IB  only  in  localities,  under  peculiar  circumstances, 
vhere  the  access  of  oxygen  was  limited  or  alto- 
gether precluded,  that  we  still  find  distinct  remains  of 

vliidi  it  ii  deainble  to  diitiDguisb,  tfaa  aiitfaor  proposed  (o  lull- 
adapted  in  KiFiiLiEc  tro^tiKi,  being  a  conveaicDt  mode  ot  eiprceaiiig 
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primeval  vegetables  in  a  etate  of  retarded  or  impeded 
decay,  as  for  eiample,  in  beds  of  turf  and  brown  coal. 

The  presence  of  nator  aod  a  suitable  temperature 
are  indispensable  conditioDs  of  the  oxidising  process 
of  decaj,  just  as  they  are  necessary  to  putrefaction 
and  fermentation.  Perfect  dryness,  or  a  temperature 
below  the  freezing  point,  suapenda  all  procetisea  of 
decay  and  fermentation.  The  transmission  of  decom- 
position from  one  particle  to  another  presupposes  a 
cbango  of  place  ;  it  requires  that  the  particles  should 
possess  mobility,  or  the  power  of  free  motion,  and  this 
is  imparted  to  them  by  the  presence  of  water.  In 
decay  it  is  more  especially  a  certain  elevated  tempe- 
rature which  increases  the  aptitude  of  the  elements  of 
organic  substances  to  combine  with  the  oxygen  of  the 
atmosphere. 

A  great  number  of  organic  bodies,  when  in  a  moist 
state,  are  capable  of  absorbing  oxygen,  whilst  many, 
and  indeed  most  of  them,  are  per  le  entirety  deficient 
in  this  property. 

If  we  place  wet  hay,  or  moistened  fragments  of 
wood,  in  a  vessel  filled  with  stmoapheric  air,  all  the 
properties  of  the  contained  air  become  in  a  very  short 
time  completely  altered.  If  a  lighted  splinter, — 
which  of  course  would  bum  in  atmospheric  air, — is 
introduced  after  the  lapse  of  two  or  three  honrs,  its 
flame  will  be  immediately  extinguished.  The  air 
confined  in  the  vessel,  if  examined,  will  be  found  to 
have  lost  all  its  oxygen,  and  to  have  acquired  an 
equal  volume  of  carbonic  acid  gas.  If  a  fresh  supply 
of  atmospheric  air  is  made  to  replace  this,  the  same 
process  again  occurs,  all  the  oxygen  becomes  converted 
into  carbonic  acid.  Exactly  the  same  result  would 
have  been  attained,  had  we  burned  the  hay  or  wood 
in  the  confined  air. 

In  the  process  of  bleaching  in  the  open  air,  or, 
as  it  is  called,  grass-bleaching,  we  have  the  process 
of  decay  applied  to  an  important  purpose  in  the  arts 
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tipoD  a  large  scale.  Linen  or  cotton  texturea  conaiBt 
of  ordinary  wooden  fibre,  more  or  lesa  coloured  by 
extraneous  organic  enb»tances,  which  were  either 
contained  in  the  plant  wtence  the  fibre  has  been 
derived,  or  hare  become  mixed  with  it  during  the 
processes  of  preparation. 

When  linen  or  cotton  fabrics  are  moistened  with 
water  and  exposed  to  the  light  of  the  sun,  a  slow 
process  of  combustion,  or  decay,  immediately  begins 
npon  the  whole  Borface  ;  the  oxygen  of  the  atmosphere 
in  immediate  contact  with  the  linen  or  cotton  is 
incessantly  converted  into  carbonic  acid.  The  weight 
of  the  fabric  diminishes  every  second,  precisely 
because  it  is  in  a  state  of  combustion  ;  all  the 
colouring  matters  gradually  disappear,  and  with  them 
a  considerable  amount  of  woody  fibre,  tbeir  elements 
being  converted  into  oxygen  compounds.  If  this 
action  of  air  and  light  npon  the  linen  or  cotton  con- 
tinues for  a  considerable  time,  these  subaUnces  lose 
their  cobeaion  and  become  converted  into  a  matter 
similar  to  that  used  in  the  manufacture  of  paper, 
and  this  matter  still  continues  to  decay  as  long  as 
the  essential  condition  of  this  change,  that  is,  the 
absorption  of  oxygen,  continues. 

The  nitrogenous  conatitueDts  of  plants  and  animals 
comport  themselves  towards  oxygen  in  a  manner  pre- 
cisely similar  to  the  heharionr  of  the  non-nitrogenous 
principle  we  have  spoken  of;  namely,  woody  fibre. 
Fresh  meat,  as  well  as  the  first  products  of  the  decom- 
position of  the  nitrogenous  constituents  of  plants  in 
fermeDtattoD,  that  is,  beer-yeast,  or  wine-jeast,  with- 
draw oxygen  from  atmospheric  air,  and,  like  woody 
fibre,  yield  in  return  an  equal  volume  of  carbonic  acid. 

When  the  Cemetery  of  the  Innocents  at  Paris  was 
removed  from  tbe  interior  of  the  town  to  the  outside 
of  tbe  barriers,  the  buried  corpses,  which  had  accu- 
mulated to  a  depth  of  sixty  feet,  were  found  to  a  great 
extent  apparently  converted  into  fat.     The  substance 
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of  the  Hkio,  muscles,  cellular  tissue,  snii  tendons,  all 
the  soft  parts,  and  even  the  bones,  had  completely 
disappeared,  leaTing  only  the  fat,  which  renating 
longest  the  influence  of  decay,  remained  in  the  form 
of  margaric  acid.  This  human  fat  was  employed  to 
the  eitent  of  many  tons  by  the  soap-boilers  and  tal- 
low-chandlers of  Paris,  for  the  manufacture  of  soap 
and  candles. 

If  meat  be  suspended  in  running  water,  or  buried 
in  moist  earth,  nothing  of  it  will  remain  after  the  lapse 
of  some  time,  eicept  the  fat  which  it  contains. 

All  substances  susceptible  of  decay,  when  in  a  moist 
State,  and  exposed  to  the  air  and  light  at  the  common 
temperature,  undergo  precisely  the  same  change  as 
they  would  if  exposed  to  a  red-heat,  in  a  dry  state  ; 
that  is,  they  absorb  oiygen, — they  undergo  eom- 
bustion. 

Alcohol,  one  of  the  products  of  the  fermentation  of 
saccharine  vegetable  juices,  is  altogether  incapable 
of  undergoing  the  process  of  decay ;  when  exposed 
to  the  air,  whether  in  its  pure  state  or  mixed  with 
water,  it  evaporates  without  combining  with  oxygen. 
Alcohol  is  readily  inflammable  at  a  higher  tempera- 
ture, and  in  burning  is  resolved  into  carbonic  acid  and 
water.  It  is  obvious  that  its  elements  have  a  powerful 
affinity  for  oiygen  j  the  high  temperature  is,  how- 
ever, a  necessary  condition  of  the  manifestation  of  this 
affinity.  Hydrogen  gas  and  many  other  inflammable 
substances  are,  in  this  respect,  precisely  similar  to 
alcohol  ;  their  affinity  for  oxygen  manifests  itself  only 
at  certain  high  temperatures. 

In  the  process  of  decay  it  has  been  likewise  observed 
that  a  substance  undergoing  this  state  of  elementary 
transposition  exercises  a  remarkable  influence  upon  the 
particles  of  an  adjacent  Bubstance,  which  per  we  would 
not  be  capable  <^  passing  into  the  same  state  of 
'  change,  decay,  or  transposition. 

Many  substances,  when  in  contact  with  another  ia 
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4  state  of  decaj,  manifest,  at  common  temperatures, 
Mt  affinity  for  oxygen  ;  that  is,  thej  enter  into  com* 
binatiOQ  with  this  element,  at  this  low  temperature, 
whilst  under  other  circumstances  such  a  combination 
oaa  only  be  effected  by  a  far  higher  degree  of  beat. 

The  state  of  active  absorption  of  oxygen,  the  com- 
bustion of  the  decaying  substance,  is  transmitted  to 
the  particles  of  other  substaDces  in  contact  with  it ; 
the;  assume  its  characteristic  state  of  activity  :  thej 
behave  as  if  they  formed  part  of  the  decaying  body, 
and  their  combination  with  oxygen  is  effected,  in  a 
manner  not  further  explicable,  just  as  it  is  by  heat. 
Contact  with  a  substance,  itself  undergoing  the  process 
of  decay,  is  the  chief  condition  of  decay  for  all  organic 
inbstances  which  do  not  possess  the  power  of  com- 
bining with  oxygen  at  common  temperatures.  la 
consequence  of  the  ensuing  combination  of  its 
elements  with  oxygen,  the  temperatui*e  of  the  decay- 
ing substance  rises  above  that  of  the  surrounding 
medium  ;  but  great  as  the  influence  is  which  heat 
exercises  in  accelerating  the  process,  it  is  not  in  this, 
as  in  other  chemical  processes,  the  cause  of  the  mani- 
festation of  the  affinity  for  oxygen. 

If,  in  a  vessel  filled  with  common  atmospberic  air, 
to  which  a  certain  amount  of  hydrogen  gas  has  been 
added,  a  linen  bag  be  suspended,  filled  with  wet  saw- 
dust, vegetable  mould,  <bc.,  the  process  of  decay  will 
continue  just  as  it  would  if  they  were  exposed  to  the 
open  air.  They  will  convert  the  surrounding  oxygen 
into  carbonic  acid.  But  what  is  very  remarkable  in 
this  case,  the  hydrogen  also  participates  in  the  process 
— it  undergoes  decay  ;  that  is,  from  being  in  contact 
with  decaying  substances,  it  acquires  the  power  of 
combining  with  oxygen  at  the  commuu  temperature. 
If  there  be  a  sufficient  amount  of  oxygen  present,  all 
the  hydrogen  gas  is  converted  into  water. 

Other  inflammable  gases,  both  simple  and  com- 
pound, are  affected  under    these    circumstances  iu 
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exactly  the  same  miutner  as  hydrogen.  The  Tapour 
of  alcohol,  for  example,  when  in  a  vessel  containing 
vood  or  other  BubatanceB  in  a  state  of  decaj,  sbsorbs 
oxjgen  from  the  atmosphere,  and  becomes  transformed 
into  aldehyde,  and  subsequently  into  acetic  acid,  which, 
upon  assuming  a  fluid  state,  is  withdrawn  from  the 
further  influence  of  the  oxygen. 

It  IB  upon  this  power  of  aubstances  undergoing  decay, 
to  increase  the  attraction  of  all  organic  aubatances  for 
oxygen,  and  especially  the  affinity  of  alcohol  for  this 
element,  that  a  speedy  process  for  acidifying  alcohol  waa 
based,  which  is  termed  the  "  Schnellessigfabrikation," 
or  "  quick  vinegar  process." 

The  tranaformation  of  fermented  liquors  into  vinegar 
formerly  required  weeks,  and  even  months,  to  occom- 
pheh,  in  consequence  of  the  imperfect  access  of  the 
air :  we  can  now  convert  alcohol  into  vinegar  in  less 
than  twenty-four  hours  ;  and  this  is  effected  mainly 
by  making  brandy  diluted  with  water,  or  any  other 
weak  spirituous  liquor,  trickle  slowly  through  casks 
filled  with  wood  shavings,  and  at  the  same  time 
causing  a  slight  stream  of  air  to  circulate  through 
these  shavings.  This  method  exposes  to  the  air  a 
surface  of  alcohol  capable  of  absorbing  oxygen,  by 
many  thousand  times  more  extensive  than  the  old 
method  ;  and  consequently  the  time  which  alcohol, 
under  ordinary  circumstances,  requires  for  its  acidifi- 
cation, is  abridged  in  the  same  proportion.  At  the 
commencement  of  this  process  it  is  usual  to  add  to 
the  dilute  spirit  a  smalt  quantity  of  some  substance 
containing  matter  capable  of  undergoing  the  process 
of  decay,  such  as  beer-wort,  honey,  vinegar,  &,c.  ; 
but,  after  the  lapse  of  a  very  short  time,  the  surface 
of  the  wood-shavings  passes  into  a  state  of  oxidation, 
and  from  that  moment  effects  the  transformation  of 
the  spirit  into  vinegar  without  the  further  co-operation 
of  extraneous  decaying  matter. 

The  origb  of  uiCric  acid  or  nitratea  (nitrification). 
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&nd  the  occurrence  of  these  salts  in  certain  kinds  of 
garden  mould  and  fertile  soil,  in  the  earth  floors  or  in 
the  walls  of  cowhouses,  stables,  or  other  houses,  and 
in  the  spring  water  of  towns  and  villages,  depends  on 
the  same  general  cause,  as  the  formation  of  acetio 
acid  from  alcoholic  liquids.  The  nitrio  acid  is  pro- 
duced from  the  ammonia,  one  of  the  ultimate  products 
of  putrefaction  of  animal,  or  rather,  of  nitrogenous 


When  ammonia  is  in  contact  with  decaying  matters, 
and  when  lime  or  magnesia,  and  a  certain  amount  of 
moisture  are  present,  the  elements  of  ammonia,  its 
nitrogen  and  hydrogen,  unite  with  the  oxjgen  of  the 
air  to  form  nitric  acid  and  water,  and  the  acid  forms 
Baits,  that  is,  nitrates,  with  the  alkalies  or  alkahne 
earths. 

The  crystalline  salts,  which  often  effloresce  on  the 
walls  of  stables  and  cowhouses,  and  in  places  moistened 
with  the  liquid  of  sewers,  are  nitrates,  usually  nitrate 
of  lime,  a  salt,  which  deliquesces  in  moist  air,  end 
hy  the  presence  of  which  the  walls  become  continually 
moist  and  darapi.  The  lime  ia  derived  from  the 
mortar  or  plaster. 

A  great  part  of  the  nitre  (nitrate  of  potash)  used 
for  the  manufacture  of  powder  in  France,  is  obtained, 
in  Paris,  from  the  lower  stones  of  the  houses,  which 
are  constantly  in  contact  with  the  liquids  of  the 
streets  and  drains.  The  lime  of  the  walls  is  groduoUy 
dissolved  by  the  nitric  acid  formed  ;  the  walls  lose 
their  coherence  and  firmness ;  hence  the  name  of 
wall-corrosion  (in  German,  Mauerfraas)  given  to  this 
injurious  formation  of  nitre.  The  potash  of  the  nitre 
is  generally  derived  from  bricks,  and  even  the  mortar 
contains  some  potash,  which  gradually  decomposes 
the  nitrate  of  lime,  aided  by  the  superior  crystallising 
power  of  nitre,  so  that  the  latter  salt  is  formed.  But 
generally,  in  order  to  obtain  all  the  nitric  acid  as 
nitre,  potash  must  be  added  to  the  liquid  obtained 
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from  the  scrapings  of  the  walls  by  liziviation  with 
water. 

The  application  of  our  boowle^ge  reepecting  the 
phenomena  attendant  upon  deoaj,  to  the  manufacture 
of  beer  and  wine,  is  easy  and  obvious.  The  property 
of  beer  and  wine  to  be  converted  into  vinegar  when 
in  contact  with  the  air,  depends  invaritibly  upon  the 
presence  of  foreign  matters  which  transmit  their  own 
inherent  aptitude  to  absorb  oiygen  to  the  particles  of 
alcohol  in  contact  with  them.  By  removing  com- 
pletely all  such  subatancea  from  wine  Sind  beer,  these 
lose  altogether  the  property  of  acidifying,  or  of  b^ng 
converted  into  vinegar. 

In  the  juice  of  grapes  poor  in  sugar  there  rcmuns, 
after  the  completion  of  the  process  of  fermentation — 
that  is,  after  the  resolution  of  the  sugar  into  carbonic 
acid  and  alcohol — a  considerable  amount  of  nitro- 
genous constituents  retaining  the  same  properties 
which  they  possessed  in  the  juice  previous  to  fermen- 
tation. This  does  not  happen  with  the  juice  of  the 
grapes  of  southern  climates.  These  grapes  are  rich 
in  augar,  and  a  considerable  amount  of  this  substance 
remains  undecomposed  after  all  nitrogenous  matters 
have  completely  separated  in  an  inaoluhJe  state,  as 
yeast.  Such  wines  alter  very  little  when  exposed  to 
the  air:  the  red  wines  of  this  kind,  however,  acidify 
because  their  colouring  matter  is  of  ready  mutability, 
And  performs,  when  in  contact  with  the  air,  the  part 
of  the  nitrogenous  constituents. 

The  nitrogenous  constituents  of  the  g^pe-jnice 
which  remain  in  wine,  after  fermentation,  are  those 
ferments,  or  exciters  of  fermentation  in  the  sugar,  of 
which  I  have  already  spoken  in  previous  letters, 
After  the  complete  transformation  of  the  sugar,  they 
eierciae  upon  the  alcohol  e.vactly  the  sumo  effect  as 
the  decaying  wood — they  are  the  exciting  causes  of 
the  ensuing  process  of  acidification. 

The  affinity  of  these  substances  for  ojygon  is  yery 
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powerful  ;  during  the  Bhort  space  of  time  neceaaary  to 
troosfer  wine  from  oae  cask  into  another,  thej  absorb 
oxygen  from  the  air,  and  induce  a  atate  of  aciditj  in 
the  vine,  which  goes  on  irresistibly  if  it  be  not  checked 
by  artificial  means.  It  is  well  known  that  this  check 
is  practically  effected  by  Bulphuration.  A  piece  of 
sulphur  is  burned  in  the  cask  destined  to  receive  the 
wine,  the  contained  air  is  thus  deprived  of  its  oxygen, 
and  an  amount  of  sulphnrous  acid  is  formed  equal  to 
the  volume  of  the  oxygen.  This  newly-formed  sul- 
phurous acid  is  rapidly  absorbed  by  the  moist  internal 
Burfnce  of  the  cask.  Sulphurous  acid  possesses  ft 
stronger  affinity  for  oiygen  than  the  eicilers  of  acidi- 
fication in  the  wine.  The  acid  is  gradually  diffused 
from  the  internal  surface  of  the  cask  through  the 
wine,  and  withdraws  from  those  substances,  as  well 
as  from  the  wine  itself,  all  the  oxygen  they  have 
absorbed  from  the  atmosphere,  and  thus  reconverts 
the  wine  into  the  state  in  which  it  existed  previously 
to  being  transferred  into  the  new  cask.  The  sul- 
phurous acid  in  this  process  becomes  converted  into 
sulphuric  acid,  and  exists  as  such  in  the  wine. 

When  the  wine  is  stored  up  iu  casks  to  ripen,  a 
constant,  althongh  very  slow,  diffusion  of  air  takes 
place  through  the  pores  of  the  wood,  or,  what  comes 
to  the  same  thing,  the  wine  is  incessantly  in  contact 
with  a  minute  amount  of  oiygen ;  by  means  of  which, 
after  the  lapse  of  a  certain  time,  the  entire  quantity 
of  the  exciters  of  acidification,  that  is,  the  nitrogenous 
substances  present  iu  the  wiue,  oxidise  and  separate 
in  the  form  of  a  sediment  or  dregs,  termed  under- 
yesst,  or  sedimentary  yeast. 

The  separation  of  yeast  from  wine  or  beer,  during 
the  fermentationof  grape-juice  or  of  worts,  takes  place 
in  consequence  of  the  absorption  of  oxygen,  or,  in 
other  words,  is  a  process  of  oxidation,  oecurjing  in  the 
fermenting  liquid.  The  nitrogenous  constituent  of 
barley  is  in  its  primary  state  insoluble  iu  water,  but 
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in  the  process  of  malting,  or  whilst  the  grain  is 
germiiDLting,  it  becomes  soluble  in  water,  it  aesumes 
the  eame  cunditioa  or  nature  which  belongs  to  the 
nitrogenous  coDstituent  of  grape-juice  originally. 

Both  these  subatances  lose  their  solubility  in  wine, 
or  in  beer,  by  absorbing  oiygen.  According  to 
analyses  in  which  we  may  confide,  made  with  regard 
to  this  point,  wine-yeast  and  beer-yeast  are  far  richer 
in  oiygen  than  the  nitrogenous  substances  from  which 
they  are  derived. 

As  long  as  any  particles  of  sugar,  in  a  state  of 
fermentation,  are  present  in  the  fluid  together  with 
these  nitrogenous  matters,  the  fluid  itself  supplies  the 
oiygen  required  for  their  transformation  into  yeast 
by  the  decomposition  of  a  small  amount  of  the  sugar 
or  of  water.  This  oxidising  process  within  the  fluid 
itself,  which  causes  the  nitrogenous  constituents  to 
become  insoluble,  ceaees  nith  the  disappearance  of 
the  sugar  ;  but  it  ia  renewed  if  the  fluid  is  reconyerted 
into  a  fermenting  state,  by  the  addition  of  new  por< 
tions  of  sugar,  and  it  ensues  also  when  the  surface  of 
the  fluid  is  eiposedto  the  free  access  of  the  atmosphere. 
In  the  latter  case  the  separation  of  the  nitrogenous 
constituents  is  effected  by  the  atmospheric  oiygcu, 
and  is  thus  a  consequence  of  their  decay  or  slow 
combustion. 

I  have  already  stated  that  the  presence  of  nitn>< 
genous  matters  in  alcohol  causes  the  transformation 
of  the  alcohol  into  acetic  acid  when  there  is  a  suffi- 
cient supply  of  air  ;  now  it  is  owing  to  the  inequalities 
in  their  relatire  affinities  for  oiygen,  that  during  the 
maturation  of  wine  in  the  storehouse,  when  the  access 
of  air  is  eitrcmely  limited,  that  the  nitrogenous  sub- 
stances alone  oxidise,  and  not  the  alcohol.  In  open 
vessels,  under  these  circura stances,  the  wine  would 
become  converted  into  vinegar. 

The  preceding  remarks  render  it  obvious  that  if  we 
possessed  any  means  of  preventing  the  transformation 
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of  alcohol  into  acetic  acid  we  should  he  ahle  to  preserve 

wiDo  and  beer  for  aa  unliniited  period,  and  to  bring 
those  liquors  into  a  atato  of  perfect  maturity  ;  for, 
under  such  circunntanceH,  all  those  substauces  which 
cause  wine  and  heer  to  acidify  would  become  insoluhio 
hj  combining  with  oxygen,  and  separate  from  the 
liquid,  aud  with  their  perfect  removal  the  alcohol 
present  would  altogether  lose  the  property  of  absorbing 
oxygen. 

Experimental  art  has  discovereil  a  means  of  accom- 
plishing this  purpose  perfectly.  It  consists  in  keeping 
the  fluid  at  a  low  temperature  when  undergoing  fer- 
mentation. The  method,  based  upon  this  principle, 
and  employed  in  Bavaria,  is  one  which  the  most 
perfect  theory  could  scarcely  have  surpassed  in  cer- 
tainty and  simplicity,  and  it  seems  impossible  to 
devise  one  more  in  accordance  with  science. 

The  transformation  of  alcohol  into  acetic  acid  hy 
contact  vith  a  substance  in  a  state  of  decay  occurs 
most  rapidly  at  a  temperature  of  95°  Fahrenheit.  At 
lower  temperatures  the  affinity  of  alcohol  for  oxygen 
decreases,  and  at  from  46°  to  £10°  Fahrenheit  no 
combination  with  oxygen  takes  place  under  these 
circumstances,  whilst  the  tendency  of  nitrogenous 
anbstances  to  absorb  oxygen  at  this  low  temperature 
ia  scarcely  diminished  in  any  perceptible  degree. 

It  is,  therefore,  obvious  that  if  wort  be  fermented 
in  wide,  open,  and  shaUow  vessels,  as  is  done  in 
Bavaria,  which  afford  free  and  unlimited  access  to 
the  atmospheric  oxygen,  and  this  in  a  situation  where 
the  temperature  docs  not  exceed  46°  to  50°  Fohren- 
heit,  a  separation  of  the  nitrogenous  constituents, 
i.e.,  the  exciters  of  acidification,  takes  place  simul- 
taneously on  the  surface,  and  within  the  whole  body 
of  the  liquid.  The  clearing  of  the  beer  is  the 
sign  by  which  it  is  known  tliat  these  matters  are 
separated.  A  more  or  less  perfectly  complete  removal 
of  these  nitrogenous  substances,  however,  according 
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to  this  method  of  fermentation,  depends  apon  the  BkiU 
and  esperience  of  the  brewer.  It  may  be  easily  con- 
ceived that  an  absolutely  perfect  Beporation  of  them  is 
attained  only  in  rare  and  extremely  happy  instances. 
Nevertheless,  the  beer  obtained  in  this  manner  is 
invariably  far  superior  in  quality  and  stability  to  that 
brewed  according  to  the  common  method. 

The  ozceedingly  favourable  influence  which  the 
adoption  of  this  principle  must  exercise  upon  th« 
manufacturo  of  wine  is  indisputable.  It  is  too  evident 
to  admit  of  a  doubt  that  it  will  lead  to  the  adoption 
of  a  more  rational  method  than'  has  hitherto  been 
employed. 

Wine  prepared  by  this  method  will,  of  course, 
bear  the  same  relation  to  the  wine  prepared  in  the 
ordinary  way,  that  Bavarian  beer  bears  to  common 
beer,  in  the  fabrication  of  which  the  same  amount  of 
malt  and  hops  has  been  employed.  In  the  shortest 
possible  time  the  same  quality,  the  same  maturity, 
may  be  attained  by  the  wiue  which,  under  ordinary 
circumstances,  would  result,  only  after  lung  aud 
protracted  storing.  If  it  be  borne  ia  mind  that  the 
period  for  the  manufacture  of  wine  is  the  end  of 
October,  just  at  the  cool  season  which  is  peculiarly 
favourable  to  the  fermentation  of  beer,  aud  tliat  no 
other  conditions  are  necessary  to  the  vinous  fermenta- 
tion than  a  oool  cellar,  and  open,  wide  fermenting 
vessels,  and  further,  that  under  all  circumstances  the 
danger  of  acidification  is  much  less  with  wine  than 
with  beer,  it  is  evident  that  the  best  success  may 
confidently  be  expected  from  the  application  of  thi> 
method.* 

•  One  of  the  most  intelligent  agricnltnriiM  lad  wine-grower*  of 
the  Grind  Duch<r  of  Btden,  B&ron  yoa  Babo,  remirkg,  in  ■  lelUr 
to  me,  dated  April,  1843,  "  With  reipect  to  tbe  ipplindon  of  the 
Bavarian  method  of  fennenUtlon  to  ths  minuhctun  ot  mj  nd 

«icellentlf .  Our  wine-m ulcers  cannot  undentind  lh>  matter,  clear 
uid  olnioui  ai  it  is,  thai  ths  method  which  it  b  uoiraiially  acknow- 
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It  must  not  be  forgotten,  that  wioe  contfLiDS  « 
much  smaller  proportioD  of  nitrogeoous  matters  after 
fermentation,  tban  beer-worts,  and  that  a  much  more 
limited  access  of  air  'u  required  for  its  complete 
oxidation  and  separation  in  an  insoluble  form. 

The  method  employed  at  most  places  on  the  Rhine 
proceeds  upon  principles  the  veiy  reverse  of  this. 
The  wine  is  left  to  ferment,  not  in  cool  cellars,  but  in 
rooms,  situate  much  too  high  and  too  warm;  the 
access  of  air  is  completely  precluded  during  the  process 
of  fermentation  bj  tin-plate  tubes,  coniined  with  water. 
These  tubes  certainly  exercise  an  injurious  effect  npon 
the  quality  of  the  wine  ;  they  ore,  in  every  respect, 
^tile — the  invention  of  some  idle  brain  ;  they  serve 
no  object,  and  yet  they  are  used  by  people  who 
imitate   others,   without  assigning   any  reason    for 

Ifldged  yieldfl  most  excellent  revulti  m  the  mADixfacturo  of  bcfir, 
ihoQld  be  u  idrBnt^eoual;  ipplied  U  making  trine." 

An  (xpetiment  nude  «ilh  red  wine  in  ih«  luiumn  of  1841,  bj 
the  ume  aoblemaa,  had.  itforded  Ibe  ume  biaur^ble  reiulta, 
upecisJlj  ■>  to  the  colour  o(  the  wine.  Before  tbeie  guecenfal 
ciperimenti  it  might  hive  hesn  thought  that  red  viae  vu  the 
tvck  upon  which  this  method  \Fould  founder,  hut  we  are  now 
uaared  of  its  univeiul  ultptatioa  to  the  miinufHctuTe  of  wiues. 
ElpenmealBOQ  the  great icile,  made  in  1846  on  the  Johuinlsberg, 
with  ail  casks  of  juice,  each  of  1200  bottles  capacitj',  most  kindly 
granted  b^pijncre  Mettemich,  under  the  direction  of  the  experienced 
wine-growet  Herr  Heckler,  hare  proved,  Ihit  the  access  of  ui 
during  the  fermentation  eiercisesan  esBcutlally  thvour&ble  influence 
on  the  qualitj  of  the  wine.  In  each  of  tlje  casks  a  hale  of  twelie 
incbeA  square  wbs  cut  at  the  bung,  and  it  appeared,  that  an  epening 

lecttj,  and  that  the  wine  thus  fermented  had  an  eTidontly  better 
quality  than  that  fermented  with  the  ferroentiug  pipe,  air  iMiug 
eicladed.  Eiictl;  simiUr  results  were  obtained  by  Dr.  Cnsio, 
when  he  fermented  the  juice  in  cssks,  the  tops  ofwiiich  were 
taken  off,  uid  nwd  ai  loose  coTetg  during  the  process — (Annalen 
der  Chorato  und  Pharauioie,  lii.  p.  360).  In  other  eiperimenta, 
)n  whioh  the  wine  feimented  in  open  vati,  it  lost  its  tumquel  and 
bocune  flat. 
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LETTEE  XVni. 

The  property  of  organic  subBtaneeB  to  pass  into  a 
state  of  fermentation  and  decaj,  in  contact  witli 
atmospheric  air,  and,  in  consequence,  to  traDsmit 
these  states  of  transmutation  to  other  organic  sub- 
stances, is  annihilated  in  all  cases,  without  exception, 
by  heating  to  the  boiling  point.  This  is  certainly 
the  most  striking  and  evident  proof  that  the  retMJy 
mutability  of  these  substances  is  connected  with  a 
certain  mode  of  arrangement  of  their  component  atoms. 
We  need  only  consider  the  coagulation  of  albumen 
by  heat,  to  understand  the  manner  iu  which  heat  acts 
in  producing  this  effect.  Most  ferments  have  a  con- 
stitution analogous  to  that  of  albumen,  and,  at  a 
higher  temperature,  pass  into  a  new  state- 
When  sweet  almonds  are  blanched,  and  allowed  to 
remain  even  only  a  few  seconds  in  boiling  water, 
their  power  of  acting  npon  amygdaline  is  completely 
annihilated.  Amygdaline  dissolves  without  alteration 
in  almond-milk  which  has  been  heated  to  the  boiling 
point,  Malt  altogether  loses,  by  boiling,  its  property 
of  conrerting  starch  into  sugar,  A  watery  infusion  of 
becr-yeast,  in  which  cane-sugar  instantly  passes  into 
grape-sugar,  and  the  juice  of  diseased  potatoes,  in 
which  the  substance  of  the  cells  of  sound  ones  is 
disintegrated  and  rendered  soluble,  both  lose,  when 
heated  to  boiling,  these  properties  entirely. 

Fresh  animal  milk,  as  is  well  known,  coagulates, 
after  being  kept  for  two  or  three  days,  into  a  gelatinous 
moss.  If  fresh  milk  he  heated  daily  to  tho  boiling 
point  it  may  be  preserved  for  an  indefinite  period. 
Grape-juice,  so  readily  mntable,  and  every  fluid  aus- 
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ceptible  of  fermentation,  is  affected  in  the  Hame 
manner ;  nhen  heated  to  the  boiling  point  all  fer- 
mentation in  them  ceases.  Beer-wort,  after  boiling, 
requires  the  addition  of  yeast,  that  is,  an  extraneous 
substance  alreadj  itself  in  a  state  of  decomposition,  in 
order  to  ferment  in  the  shortest  possible  time. 

It  is  obvious  that  if  that  particular  state  into  which 
an  organic  substance  is  brought  b;  contact  with  the 
atmosphere, — although  this  contact  may  have  been 
but  for  an  instant, — be  destroyed  by  a  high  tempera- 
ture, and  oxygen  (the  only  cause  of  its  re-appearance] 
from  the  time  of  its  boiling  be  excluded,  these  sub- 
stances must,  for  an  unlunited  period,  retain  all  the 
Soperties  they  possessed  at  the  moment  of  boiling, 
alter  per  le  has  no  inherent  power  of  mobility  ; 
without  the  influence  of  some  erternal  force  npon  the 
atoms,  none  of  them  change  their  place,  none  alter 
their  properties. 

If  a  bottle  be  filled  with  grape-juice  and  made  air- 
tight, and  then  kept  for  a  few  hours  in  boiling  water, 
or  until  the  containedgrspe-juice  has  become  through- 
out heated  to  the  boiling  point,  the  minute  amount  of 
oxygen  contained  in  the  air  which  entered  the  flask 
with  the  grape-juice  becomes  absorbed  during  the 
operation  by  the  constituents  of  the  juice,  and  thus 
the  cause  of  further  perturbation  is  removed.  The 
juice  does  not  now  ferment,  but  remains  perfectly 
sweet  until  the  flask  is  again  opened,  and  its  contents 
brought  into  contact  with  the  air.  From  this  moment 
the  same  alteration  begins  to  manifest  itself  which 
fresh  juice  undergoes  ;  after  the  lapse  of  a  few  hours 
the  contenta  of  the  flask  are  in  full  fermentation,  and 
this  state  may  be  again  interrupted  and  suspended,  as 
at  first,  by  repeating  the  boiling. 

The  knowledge  of  these  properties,  which  are 
equally  possessed  by  all  other  organic  substances, 
without  exception,  has  given  rise  to  the  most  beantifnl 
practical  applications  of  them.      Whilst,  in  former 
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B  confined 
1  the  long  ruQ. 
always  prored  injuriona  to  the  health  of  the  crew  and 
the  paesengers,  and  thousands  of  human  beings  lost 
their  lives  for  the  want  of  fresh  aliments,  which  were 
even  more  essential  in  sickness,  these  dangers  and 
discomforts  become  more  and  more  rare  at  the  present 
day.  This  is  certainly  one  of  the  most  important 
contributions  to  the  practical  benefit  of  mankind 
ever  made  by  science,  and  for  this  we  are  indebted  to 
Gay-Lnseac. 

At  Leith  in  the  neighbourhood  of  Edinburgh,  at 
Aberdeen,  at  Bordeaux,  Marseilles,  and  in  many  parts 
of  Germany,  establishments  of  enormous  magnitude 
exist,  in  which  soup,  vegetables,  animal  substances, 
and  viands  of  every  description  are  prepared  and  sent 
to  the  greatest  distances.  The  prepared  aliments  are 
enclosed  in  canisters  of  tinned  iron  plate,  the  covers 
are  soldered  air-tight,  and  the  canisters  exposed  to 
the  temperature  of  boiling  water.  When  this  degree 
of  heat  has  penetrated  to  the  centre  of  the  contents, 
which  it  requires  about  three  or  four  hours  to  accom- 
plish, the  aliments  have  acquired  a  stability  which, 
one  may  almost  aay,  is  eternal.  When  the  canister 
is  opened  after  the  lapse  of  several  years,  the  contents 
appear  just  as  if  they  were  only  recently  enclosed. 
The  colour,  taste,  and  smell  of  the  meat  are  com- 
pletely unaltered.  This  valuable  method  of  pre- 
paring food  has  been  adopted  by  many  persons  in 
my  neighbourhood  and  other  parts  of  Germany,  and 
has  enabled  our  housewives  to  adorn  their  tables  with 
green  vegetables  in  the  midst  of  winter,  and  with 
dishes  at  all  times  which  otherwise  could  be  obt^ned 
only  at  particular  seasons.  This  method  of  presernng 
food  will  become  of  the  greatest  impmlance  in  pro- 
visioning fortresses,  since  the  loss  incurred  in  selling 
off  old  stores,  and  replacing  them  by  new,  especially 
with  respect  to  meat,  ham,  &c.,  is  far  more  oonsider- 
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able'  than  the  value  of  the  tin  canisters,  nhich,  more- 
over, may  he  repeatedly  emplojed  after  being  earefuliy 
cleansed. 

When  we  compare  the  phenomena  of  putrefoctJon 
and  fermentation  with  the  processea  in  the  liring 
animal  bodj,  it  becomes  very  probable,  that  a  number 
of  effects,  which  we  are  accuetomed  to  refer  to  peculiar 
vital  influences,  are  determined  by  the  same  causes  on 
which  fermentation  and  putrefaction  depend.  These 
analogies  hare  been  noticed  and  pointed  out  for  cen- 
turies by  philosophers  and  physicians  ;  but  even  now 
many  of  the  latter  class  consider,  in  opposition  to  the 
view  here  developed,  certain  vital  actions  or  manifest- 
ations of  vitality  as  the  causes  of  putrefaction  and 
fermentation. 

It  has  been  stated  above  that  tho  constituents  of 
the  moss  of  the  body,  albumen,  fibrioe,  membranes, 
skin,  and  caseine,  when  putrescent,  exert  a  peculiar 
influence  on  many  substances,  tho  visible  result  of 
which  is  a  chemical  change  in  the  substance  brought 
in  contact  with  these  compounds.  It  is  further  an 
established  fact,  that  the  products  derivable  from  the 
substances  thus  acted  on  are  not  always  the  same,  but 
vary  with  the  state  of  decomposition  of  the  ferment 
or  exciting  body. 

But  if  a  change  of  position  and  arrangement  in  the 
particles  of  animal  substances  can  exert,  out  of  the 
body,  a  very  decided  influence  on  a  number  of  organic 
compounds  ;  if  the  latter,  when  in  contact  with  these 
ferments,  are  decomposed,  and  new  compounds,  less 
complex,  formed  of  their  elements,  and  if  we  reflect 
that  to  the  class  of  fermentescible  substances  belong 
all  the  mattert  which  constitute  the  various  artielei 
of  the  food  of  men  and  animalg,  then  we  can  hardly 
doubt  that  this  cause  of  change  plays  an  important 
part  in  the  vital  processes,  and  has  a  chief  share  in 
producing  the  changes  which  the  constituents  of  the 
food  undergo,  when  they  are  converted,  in  the  body. 
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into  fat  or  into  tissnee  forming  parts  of  organs,  or  in  tba 
fermatioD  of  tbe  secretions  and  excretions,  such  as  milk, 
bile,  urine,  he.  We  know,  indeed,  that  in  all  parts  of 
tlie  living  animal  body  a  change  of  matter  is  going  on  at 
every  moment  of  time ;  that  ItTing  parts  are  expelled ; 
that  their  constituents,  albumen,  fibrine,  membranes, 
and  all  the  rest,  nhatever  their  names,  airange  them- 
selves  in  the  moment  of  their  separation  from  the  hying 
tissue,  and,  subsequently,  into  new  products ;  and  our 
experience  compels  us  to  conclude  that  by  this  change 
of  quality  and  composition  itself,  at  every  point  where 
it  occurs,  and  according  to  its  force  and  direction,  a 
parallel  and  corresponding  change  is  effected  in  the 
cotnpoution  and  quality  of  all  the  constituents  of  the 
blood,  or  the  food,  which  come  into  contact  with  them, 
and  that,  consequently,  the  change  of  matter  is  a  chief 
cause  of  the  changes  which  the  food  undergoes,  and 
also  a  condition  of  the  process  of  nutrition;  that 
with  every  change  effected  by  a  cause  of  disease  in 
the  process  of  transformation  of  an  organ,  of  a  gland, 
or  of  a  constitnent  of  these,  the  action  of  that  organ 
on  the  blood  conveyed  to  it,  that  is,  the  quality  of 
its  secretion,  is  likewise  altered  ;  that  the  action  of  a 
multitude  of  remedies  depends  on  the  share  which. 
they  take  in  the  change  of  matter ;  and  that,  in  many 
cases,  this  action  of  remedies,  by  changing,  accele- 
rating, retarding,  or  arresting  the  direction  or  the 
force  of  the  agency  which  operates  in  the  organ, 
exerts  an  influence  on  the  quality  of  the  blood. 

Finally,  by  a  knowledge  of  the  causes  of  the  ori^n 
and  propagation  of  putrefaction  in  organic  atoms,  the 
question  concerning  the  nature  of  many  contagions 
and  miauns  becomes  capable  of  a  simple  solution,  and 
may  be  reduced  to  the  following  : 

Are  there  facts  which  prove  that  certain  states  of 
transformation  or  putrefaction  in  a  substance  are  like' 
wise  propagated  to  parts  or  constituents  of  the  living 
animal  body ;  that,  by  contact  with  the  putrescent 
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niatter,  the  same  or  a  eimilar  condition  is  produced  on 
Bnch  parts,  aa  that  in  which  the  particles  of  the 
putrescent  body  are  f  This  question  must  be  answered 
decidedl;  in  the  affirm ative. 

It  is  a  fact,  that  dead  bodies  in  dissecting-rooms 
frequently  pass  into  a  state  of  decomposition  which  is 
communicated  to  the  blood  ia  the  liviog  body.  The 
slightest  cuts  with  the  Bcalpels  used  iu  dissecting 
often  cause  a  very  dangerous  and  even  fatal  disease.* 
The  observation  of  Magendie,  that  putrid  blood, 
brain,  bile,  or  pns,  when  laid  on  fresh  wounds,  pro- 
duce in  animals  Tomiting,  languor,  and  death  after 
a  shorter  or  longer  interral,  has  not  yet  been  con- 
tradicted.    See  Appendix,  No.  3. 

Further,  it  is  a  fact,  that  the  use  of  various  articles 
of  food,  such  as  flesh,  ham,  sauaages,  if  in  a  certain 
state  of  decomposition,  is  fc^owed,  in  bealtby  penons, 
by  the  most  dangerous  and  even  fatal  symptoms.  See 
Appendix,  No.  4. 

These  facts  prove  that  an  animal  matter,  in  a  cer- 
tain stat«  of  decomposition,  is  capable  of  exciting 
a  morbid  action  in  the  body  of  healthy  individuals. 
Kow,  since  by  the  term,  products  of  diseaaed  action, 
nothing  else  can  be  meaut  than  parts  or  constituents 
of  the  living  body  which  are  in  a  state  of  change  in 
form  and  quality  different  from  the  normal  one,  it  is 
evident,  that,  so  long  as  this  state  continues,  and  the 
change  is  not  completed,  the  disease  may  be  commu- 
nicated to  a  second  or  third  individual,  and  so  on. 

Besides,  when  we  consider,  tbat  all  those  substances 
which  destroy  the  communicability  or  arrest  the  pro- 
pagation of  contE^cms  and  miasms,  are  likewise 
such  as  arrest  all  processes  of  putrefaction  or  fer- 
mentation ;  tbat  under  the  influence  of  empyretmiatio 

*  Cu«9  in  nhich  LnaUmieU  fall  yictimi  to  thie  frigUtful  kind  oT 
poitoping  an  not  tare  ;  a  iu  tbe  recent  meluicbolj  elsmplei  of 
Dr.  Ko11et«hlu  in  Vieano,  Dr.  Bender  in  Frankfort-on-tLe-Mune, 
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bodies,  Bttch  OS  pyroltgneous  acid,  which  powerfully 
oppose  putrefaction,  tlie  diseased  action  in  malignant 
suppurating  wounds  is  entirely  changed ;  that,  in  a 
number  of  contagious  diseases,  especially  in  tjphns, 
ammonia,  free  or  combined,  is  found  in  the  exposed 
ur,  in  the  lignid  and  solid  excreta,  (in  the  latter  as 
ammonio- phosphate  of  magnesia),  it  seems  imposEible 
any  longer  to  entertain  a  doubt  as  to  the  origin  and 
propagation  of  many  contagioua  diseases. 

Finally,  it  is  an  observation  nnirersally  made,  and 
which  may  be  regarded  as  established,  "that  the 
origin  of  epidemic  diseases  may  often  be  referred  to 
ths  putrefaction  of  great  masses  of  animal  and  vege- 
table matters  ;  that  miaamic  diseases  are  found  epi^ 
demic,  where  decomposition  of  organic  substances 
constantly  goes  on,  in  marshy  and  damp  districts. 
These  diseases  also  become  epidemic,  under  the  same 
circumstances,  after  inundations  ;  and  also  in  places 
where  a  large  number  of  persons  are  crowded  together 
with  imperfect  rentilation,  as  in  ships,  in  prisons,  and 
in  besieged  fortresses."  (Henle,  Untersuchungen, 
p.  52  ;  also  p.  57>)  But  in  no  cose  may  we  so  securely 
reckon  on  the  occurrence  of  epidemic  diseases,  as 
when  a  marshy  surface  has  been  dried  up  by  continued 
heat,  or  when  extensive  inundations  are  followed  by 
intense  heat. 

Hence,  according  to  the  rules  of  scientific  research, 
the  conclusion  is  entirely  justified,  that,  in  all  oases, 
where  a  putrefactive  process  precedes  the  occurrence 
of  an  epidemic  or  contagious  disease,  or  where  the 
disease  can  be  propagated  by  means  of  solid,  liquid, 
or  gaseous  products  of  diseased  action,  and  when  no 
other  eauae  for  the  disease  can  be  discovered,  the 
substances  which  are  in  a  state  of  transformation  are, 
in  virtue  of  that  state,  to  he  regarded  as  the  proximate 
causes  of  the  disease. 

The  well-informed  and  attentive  physician  has  been 
long  aware   that  the  difference   between  good  and 
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whoIeBome  food,  and  that  which  ib  bad,  which  latter 
is  justly  regarded  as  the  cause  of  maoy  diseases, 
depends,  not  od  the  nature  of  the  food,  but  on  a 
certain  quality  or  state  of  it,  which,  in  the  case  of 
flesh,  for  example,  can  often  be  referred  to  a  diseased 
state  of  the  animal  from  which  it  was  taken.  He 
knows  that  the  naeful  and  beneflcial  effects  of  a 
proper  ventilation  on  the  preservation  of  health,  may 
he  often  attained,  in  the  chamher  of  the  sick,  for 
example,  by  the  evaporation  of  small  quantities  of 
nitric  acid  (not  of  chlorine,  which,  in  most  cases,  has 
an  injnrions,  or  at  least  an  irritating,  effect),  or  by 
the  burning  of  a  little  sulphur;  by  means  of  substances, 
therefore,  of  which  we  luow  that  they  destroy  noxions 
gases,  or  pnt  an  end  to  their  state  of  decomposition. 


LETTER  XIX. 


SoHB  philosopherB,  and  especially  many  physiologists 
and  medical  men,  have  adopted  a  peculiar  view  con- 
cerning the  causes  of  the  appearances,  so  remarkable 
in  themselves,  which  occur  after  the  death  of  plants 
and  animals,  and  which  effect  their  resolution  into 
inorganic  compounds,  and  their  disappearance  from 
the  earth's  surface.  This  opinion  would  be  hardly 
worth  mentioning,  were  it  not  that  it  has  furnished  a 
foundation  for  entirely  fallsciouB  ideas  concerning  the 
essence  of  the  vital  processes  in  general,  and  especially 
of  many  pathological  conditions,  and  the  causes  of 
certain  diseases. 

These  philosophers  regard  fermentation,  or  the 
resolution  of  higher  or  more  complex  organic  Tege- 
table  atoms  into  less  complex  compounds,  as  the  effect 
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of  the  Tital  mouifeslations  of  vegetable  matters  ;  and 
putrefactioD,  or  the  aune  chouge  in  auimal  gubatanbes, 
u  being  detennined  bj  the  developmeat  or  tho  pre- 
Bence  of  animal  beings.  They  aiBume  as  a  natural 
coniequence  of  this  Tiew,  that  the  origin  of  miaBinic 
or.coDtagioiu  dieeases,  in  bo  far  as  referable  to  the 
presence  t^  putrefactive  proceewB,  must  be  ascribed 
to  the  same  or  similar  causes. 

The  most  obvious  and  important  considerations  in 
support  of  this  view  of  fermentation  are  derived  from 
observations  made  on  the  alcoholic  fermentation,  and 
on  the  yeast  of  beer  and  of  wine.  The  microscopic 
researches  of  physiologistB  and  botanists  have  demon- 
strated that  beer  or  wine  yeast  consistB  of  single 
globules,  often  strung  together,  which  possess  all  the 
properties  of  living  vegetable  cells,  and  resemble  very 
closely  certain  of  the  lower  families  of  plants,  such  as 
some  fungi  and  olgie.  In  fermenting  vegetable  juices, 
we  observe,  after  a  few  days,  small  points,  which  grow 
from  within  outwards  ;  and  these  have  a  granular 
nucleus,  surrounded  by  a  transparent  envelope. 

In  agreement  with  these  observations,  chemical 
examination  has  proved,  that  the  cell  walls  of  the 
globules  of  beer  yeast  consist  of  a  non-nitrogenous 
matter,  having  the  composition  of  cellulose  or  woody 
fibre,  which  remains  undissolved,  when  the  yeast,  aft«r 
being  well  washed  with  water,  is  trestod  with  weak 
caustic  alkalies.  The  alkaline  solution  takes  up  a 
substance,  which  contains  all  the  nitrogen  of  the  yeast 
globtdes,  and  which,  in  chemical  character  and  in 
composition,  differs  little,  and  that  chiefly  in  the  pro- 
portion of  oxygen,  from  the  gluten  of  gnun.  After 
incineration,  yeast  leaves  an  ash,  entirely  identical, 
ia  regard  to  its  constituents,  with  the  ash  of  the 
gluten  of  the  cereals. 

It  has  also  been  particularly  pointed  out,  that  in  the 
fermenting  beer-wort  (infusion  of  malt),  the  formation 
and  separation  of  the  yeast  cells  keep  pace  with  the 
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prodnction  of  carbonic  acid  and  aleohoL  When  all  the 
sogar  is  decomposed,  no  more  yeast  is  formed.  The 
jfMtA  contains  the  nitrogenous  constituent  of  the 
malt  or  barlej,  of  which,  when  a  certain  amount  of 
sugar  is  present,  only  traces  are  found  in  the  liquid 
after  fermentation. 

The  simultaneous  appearance  of  the  yeast  cells, 
and  of  the  products  of  decomposition  of  die  sugar,  is 
the  chief  orgumeDt  in  support  of  the  opinion,  that  the 
fermentation  of  sugar  is  an  effect  caused  by  the  vital 
jvoceSB,  a  result  of  the  development,  growth,  and 
prop^ation  of  these  low  regetable  structures. 

If,  by  the  term  vital  action,  we  understand  the 
power  of  a  germ  or  of  a  seed  to  take  up  certain  sub- 
stances from  without,  and  to  make  tliem  parts  of 
itself;  then  the  formation  of  the  yeast  oells  in  ferment- 
ing wort  is,  beyoDd  all  doubt,  a  proof  of  the  existence 
of  a  vital  action.  The  cell  walls  are,  in  all  probability, 
formed  at  the  expense  of  a  certwn  portion  of  sugar, 
since  they  consist  of  a  compound  which  stands  higher 
in  the  organic  scale  than  sugar,  and  nevM'  appears  in 
a  crystalline  form.  The  contents  of  the  cells  have 
been  derived  from  the  gluten  of  the  malt,  and  contain, 
among  other  things,  parts,  spores,  or  germs,  which,  if 
introduced  into  fresh  wort,  determine  the  formation 
and  development  of  new  cells. 

But  if  the  development  increase,  and  propagation 
of  these  vegetable  cells  or  tissues  be  the  caaie  of 
fermentation,  then,  in  every  ease  where  we  observe 
this  effect,  we  must  suppose  that  the  causes  or  con- 
ditions, namely,  sugar,  from  which  the  cell  walls  are 
produced,  and  gluten,  which  yields  their  contents, 
are  both  present. 

Now  the  most  remarkable  fact  among  the  pheno- 
mena of  fermentation,  and  that  which  must  chiefly  be 
kept  in  view  in  the  explanation  of  the  process,  is  this  : 
that  the  ready-formed  cells,  after  being  washed,  effect 
the  conversion  of  pure  cane-angar  into  grape-Bogar, 
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and  its  reaolutioa  into  a  Tolume  of  carbonic  acid  and  a 
volume  of  the  vapour  of  alcohol,  and  that  the  elementa 
of  the  sugar  are  obtained  without  any  loss  in  these 
new  forms  ;  that,  conaequentlj,  since  3  Ibe.  of  yeast, 
considered  in  the  dry  state,  decompose  2  owt.  of 
sugar,  a  very  powerful  action  takes  place,  without  any 
notable  consumption  of  matter  for  the  vital  purpose  of 
forming  ceJlH.  If  the  property  of  exciting  fermenta- 
tion depended  on  the  development,  propagation,  and 
increase  of  yeast  cells,  these  cells  would  be  incapable 
of  causing  fennentatJoD  in  pore  B<^ution  of  sugar,  in 
which  the  other  conditions  necessary  for  the  mani- 
festation of  the  vital  properties,  and  especially  the 
nitrogenous  matters  necessary  for  the  production  of 
the  conteota  of  the  cells,  are  absent. 

Experiment  has  proved,  that  in  this  case  the  yeast 
cells  cause  fermentation,  not  because  they  propagate 
their  kind,  but  in  conseq^uence  of  the  decompositioQ 
of  their  nitrogenous  contents,  which  are  resolved  into 
ammonia  and  other  products  ;  that  is,  in  consequence 
of  a  decomposition  which  is  exactly  the  opposite  of  an 
organic  formative  process.  The  yeast,  when  brought 
into  contact  successively  with  new  portions  of  sugar, 
loses,  by  degrees,  entirely  ita  power  of  causing  fer- 
mentation, and  at  last  nothing  is  left  in  the  liquid  but 
its  nou-nitrogenouB  envelopes  or  cell  walls. 

Hence  it  follows,  that  the  cause  of  the  resolutjon  of 
the  sugar  into  new  forms  cannot  properly  be  sought 
for  in  a  process  of  vegetation,  because  this  e£fect  takes 
place  without  the  yeast  cells  being  reproduced  as  a 
vegetable  tissue,  and  under  circumstances  which 
destroy  their  power  of  propagation  and  increase.  It 
is  obvious,  that  the  phenomenon  depends  on  the 
presence  of  an  action,  or  a  state  of  change,  which 
continues  even  when  the  conditions  necessary  to  the 
formation  of  cells  are  excluded. 

Farther,  if  we  consider  that  the  action  of  yeast  is 
not  confined  to  sugar  alone  ;  that  other  bodies,  of 
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totally  different  composition,  undergo  a  similar 
decomposition  in  contact  with  yeast ;  that  tannic  acid 
in  a  fermenting  saccharine  liquid  passes  into  gallic 
acid  ;  the  malic  acid  of  malate  of  lime  into  suocinio 
acid,  acetio  acid,  and  carbonic  acid  ;  that  an  animal 
membrane,  or  the  albuminona  part  of  sveet  almonds, 
(substances  differing  in  composition  from  gluten,)  when 
putrescent,  produce  the  same  changes  as  yeast :  it 
follows,  that  the  peculiar  action  of  yeast  depends  on 
a  more  general  cause,  and  not  on  the  sugar  ;  and  that 
the  resolution  of  sugar  into  alcohol  and  carbonic  acid 
does  not  depend  on  a  constant  quality  in  the  yeast. 

Observation  shows,  that  beer  yeast,  left  to  itself, 
veiy  quickly  loses  its  power  of  exciting  the  alcoholic 
fermentation.  That  power  is  lost  when  the  yeast  is 
mhbed  on  a  levigating  stone  till  all  organic  structure 
is  destroyed  ;  but  this  does  not  annihilate  its  power 
of  decomposing  organic  substances  in  generaL  For 
it  now  acquires  the  property  of  converting  sugar  into 
lactic  acid,  and  the  lactic  acid  of  lactate  of  lime  into 
butyric  acid,  raannito,  hydrogen,  and  carbonic  acid. 
And  these  are  effects  which  take  place  without  any 
formation  of  cells  or  vegetable  tissues.  > 

All  this  proves  that  it  is  neither  the  organic  form,  I 
nor  the  chemical  composition  of  the  jeast,  but  merely  / 
a  certain  state  of  the  nitrogenous  contents  of  the  yeast  / 
ceUs,  which  must  he  regarded  as  the  cause  of  the  f 
decomposition  of  sugar  in  the  alcoholic  fermentation./ 

The  fermentation  of  grape-juice  and  of  beerwort  is 
no  isolated  phenomenon  ;  these  are  individual  cases 
out  of  a  class  including  many  others.  The  alcoholie 
fermentation,  in  so  far  as  it  is  accompanied  by  tlie 
formation  or  decomposition  of  fungi,  is  distinguished 
fromotherkindsof  fermentation,  in  which  no  vegetable 
tissues  are  observed,  in  this,  that  the  products  of  the 
decomposition  of  gluten  possess,  in  addition  to  their 
chemical  properties,  certain  vital  properties.  Gluten, 
vegetable  albumen,   and    the   vegetable  caseine  of 
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vegetable  juioee,  ounBe  fermentation,  because  tbey 
eater  into  decomposition  ;  their  action  depends  on  the 
state  of  change  of  form  and  quality  of  their  elementarj 
molecules.  As  they  gradually  diange  and  are  sepa- 
rated, they  assume,  in  consequence  of  other  secondary 
causes,  the  forms  of  a  low  vegetable  tissue,  the  vital 
properties  of  which  depend  on  a  transition  state,  and 
disappear  on  its  compledon  or  termination.  The 
yeast  cell,  as  a  fungus  or  alga,  has  no  independent 
existence. 

As  a  single  or  indiTidual  case,  the  fermentation  of 
sngar  requires  no  special  explanation,  since  no  other 
expression  can  he  given  to  the  process  than  that 
developed  in  the  preceding  letters.  The  sugar  is 
resolved  into  alcohol  and  carbonic  acid  in  consequence 
of  a  disturhance  of  the  equilibrium  in  the  attractions 
of  its  elements,  and  this  disturbance  is  caused  by  a 
substance  whose  elementary  particles  are  in  a  state 
of  motion. 

Of  the  known  processes  of  fermentation,  only  the 
alcoholic  fermentation  has  been  hitherto  studied  with 
any  degree  of  accuracy ;  and  we  have  observations 
(those  of  Doepping,  Struve,  and  Karsten,)  which 
prove  that  sugar  may  he  resolved  into  alcohol  and 
carbonic  acid  without  the  appearance  of  the  fun^ 
alluded  to.  In  many  other  fermentations  the  constant 
occurrence  of  sueh  vegetable  tissues  has  not  been 
observed.  There  is  not  the  remotest  proof  of  a  real 
connection  between  the  vital  properties  of  these  fun^ 
and  the  formation  of  the  products  of  fermentation ; 
and  no  one  has  even  attempted  to  connect  the  two 
phenomena  as  cause  and  effect,  and  to  explain  how  or 
in  what  manner  a  plant  con  cauae  the  resolution  of 
sugar  into  alcohol  and  carbonic  acid.  When  we 
examine  strictly  the  arguments  by  which  this  vital 
theory  of  fermentation  is  supported  and  defended,  we 
feel  ourselves  carried  hack  to  the  infancy  of  science. 
There  was  a  time  when  men  could  not  account  for 
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the  origin  of  the  lime  of  the  bones,  lie  phosphoric 
acid  in  tbem  and  in  the  brain,  the  iron  in  the  blood, 
and  the  alkalies  in  planta  ;  and  we  now  find  it  incon- 
ceivable that  this  ignorance  ^ould  hare  been  regarded, 
aa  it  was,  as  a  proof  that  the  animal  or  vegetable 
organism  possessed  the  power  of  creating  iron,  phos- 
phorus, iime,  and  pota^,  hj  firtue  of  its  inherent 
vital  forces,  out  of  food  containing  none  of  these  sub- 
Stances.  This  convenient  explanation  naturally  put 
an  end  to  the  inqniry  aa  to  their  real  origin,  and 
arrested  true  investigation. 

Simple  observation  leads,  in  the  eiamination  of 
certain  fermentative  or  putrefactive  processes,  to  the 
fact  of  the  presence  of  orgamsed  living  beings,  and 
without  asking  anj  further  questions,  the  presence  of 
these  fungi,  whose  origin  is  perfectly  unkaown,  is 
connected  with  the  formation  of  the  products  of  fer- 
mentation and  putrefaction,  as  their  cause.  Because 
'  no  other  cause  can  be  found  (or  rather,  because  no 
other  cause  has  been  sought  for  by  the  observers  of 
the  fact,)  which  explains  the  formation  of  these 
products,  we  are  desired  to  ascribe  it  to  a  cause  which 
'   is  utterly  incomprehensible. 

With  respect  to  that  theory  which  regards  the 
putrefaction  of  animal  matters  as  produced  by  micro- 
scopic animalcule,  it  may  he  compared  with  the  idea 
entertained  by  a  child,  who  ezpluns  the  rapid  fall  and 
current  of  the  Rhine  through  the  numerous  Rhine 
mills  at  Majence,  by  supposing  that  the  mill-wheels, 
by  their  force,  urge  the  water  downwards  towards 
Bingen. 

Is  it  conceivable  that  the  annihilation  and  destruc- 
tion of  plants  and  animals  should  be  the  effects  of  the 
agency  of  other  plants  and  animals,  which  are  them- 
selves subject  to  the  same  processes  of  destruction  ? 

If  the  fungus  or  mushroom  be  the  caxue  of  the 
destruction  of  the  oak — if  the  animalcule  be  the  cajtse 
of  the  putrefactioa  of  a  dead  elephant ;  what  then  is 
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the  cauae  of  putref s^tion,  after  death,  of  the  fun^^  ? 
what  ia  the  cause  of  the  putrefaction  and  decay  of  the 
dead  animalcule  ?  They  also  ferment,  decay,  and 
putrefy,  and  finally  disappear  entirely,  just  as  do  the 
mighty  tree  and  the  gigantic  animal ;  and  the  final 
products  are  the  same  in  all. 

It  is  imposaihle  to  adopt  this  opinion,  when  we 
reflect,  that  the  presence  of  microscopic  animals  in 
putrescent  substanceB  is  quite  accidental  ;  that  their 
appearance,  in  most  cases,  may  be  prevented  hy  the 
exclusion  uf  light ;  that  putrefaction  and  decay  may 
go  on  without  the  least  assistance  from  them  ;  that 
in  a  thousand  cases,  in  putrescent  wine,  cheese,  bile, 
or  blood,  no  such  animals  whatever  are  observed  ;  and 
that  in  other  cases,  they  appear  for  the  first  time,  in 
a  certain  stage,  long  after  fermentation  has  begun. 

To  ascribe  putrefaction  to  the  presence  of  animalculce 
ia  as  irrational  as  it  would  be  to  ascribe  to  the  beetles 
whose  food  is  derived  from  animal  excreta,  or  to  the 
mites  in  cheese,  the  state  of  decomposition  of  the 
excreta  or  of  the  cheese. 

The  presence  of  animalculie,  which  are  often  found 
in  prodigious  numbers  in  putrefying  matters,  cannot 
in  itself  be  considered  wonderful,  since  these  animals 
find  there  the  conditions  of  their  nutrition  and 
development  combined. 

Their  appearance  is  not  more  eitraordinary  than 
the  migration  of  salmon  from  the  sea  into  riveTS,  or 
the  growth  of  salt-plants  in  the  vicinity  of  salt-works  ; 
the  only  difierence  lies  in  our  ability  to  trace  the 
latter  in  their  progress  ;  whilst  the  germs  of  the 
fungi,  and  the  eggs  of  infusorial  animalcalte,  in  con- 
sequence of  their  extreme  minuteness,  and  the  ocean 
of  atmosphere  through  which  they  are  diffused,  must 
make  their  appearance  everywhere,  when  no  obstacle 
opposes  the  development  of  their  germs  or  eggs. 

It  is  quite  certain  that  in  their  presence  putrefaction 
is  exceedingly  accelerated.     Their  nutrition  presup- 
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poses  the  consumption  of  particles  of  the  animal  bodj 
for  thdr  own  development.  Its  more  rapid  destruc- 
tion must  be  the  tiecessary  consequence.  We  know  that 
one  single  indiridual  procreates  many  thousands  in  a 
Tery  short  time,  but  their  growth  and  development 
are  confined  within  definite  limitH  ;  when  they  hare 
once  reached  a  certain  size,  they  no  longer  increaBe  id 
bulk,  whilst  they  continue  at  the  same  time  to  partake 
of  nutriment.  Then  what  becomes,  we  must  ask,  of 
the  food  which  no  longer  augments  their  size  ?  Must 
it  not  undergo  in  their  organism  a  similar  alteration 
to  that  which  a  piece  of  meat  or  bone  undergoes  in  the 
body  of  a  full-grown  dog,  the  weight  of  which  no 
longer  increases  ?  We  know  poaitively  that  the  food 
of  the  dog  Berrea  for  the  support  of  the  vital  procesBOS, 
and  that  its  elements  receive  in  its  organism  the  form 
of  carbonic  acid  and  urea  ;  which  latter  substance 
becomes  resolved,  after  being  eliminated  from  the 
organism,  into  carbonic  acid  and  ammonia.  This 
food,  therefore,  nndergoea  in  the  body  the  same  alter- 
ation aB  if  it  hod  been  burned  in  a  stove  ;  that  is,  it  is 
subjected  to  eremacausis,  or  decay. 

The  same  occurs  in  decaying  animal  substances  ; 
they  serve  as  nourishment  for  microscopic  animalculie, 
in  the  bodies  of  which  their  elements  decay.  These 
animaloulffi  die  when  their  means  of  suhuBtence  are 
exhausted,  and  their  bodies  putrefy  and  decay,  and, 
perhaps,  serve  for  the  uourisbment  and  development 
of  other  races  of  living  beings.  But  the  process  is, 
and  continues  to  be,  one  of  combustion,  in  which  the 
elements  of  the  original  body,  before  combining  with 
oxygen,  became  parts  of  living  beings,  in  which,  there- 
fore, they  form  a  series  of  intermediate  compounds 
before  they  pass  into  the  ultimate  products  of  the 
process  of  decay.  But  the  constituents  of  animals 
which  enter  into  combination  with  oxygen  in  the 
organism  no  longer  belong  to  the  living  body.  During 
the  true  putrefactive  process,  that  is,  the  decompo- 
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■ition  of  animal  BubstanceH  with  the  extlaaion  of  oxj- 
gen,  gases  are  evolved  (sulphuretted  hydrogen,  for 
instance),  which  exercise  e,  deleterious  influence,  and 
speedily  put  a  limit  to  the  life  of  even  the  microscopic 
animalcula.  Tbe  excrements  of  man,  while  putre- 
fjriDg,  never  exhibit  the  presence  of  microscopic  &ni- 
malculte,  whilst  we  find  abundance  of  them  in  these 
excrements  when  in  a  state  of  decay.  A  wise  arrange- 
ment  of  nature  has  aHetgned  to  the  infusoria  the  dead 
bodies  of  higher  orders  of  beings  for  their  nourish- 
ment, aod  bas  in  these  animaloulie  created  a  means 
of  limiting,  to  the  shortest  possible  period,  the  delete- 
rious influence  which  the  products  of  dissolution  and 
decay  exercise  upon  the  life  of  the  higher  classes  of 
animals.  The  recent  diacoveriee  which  have  been 
made  respecting  these  creatures  are  so  extraordinary 
and  so  admirable,  that  they  deserre  to  be  made  uni- 
versally known. 

Count  Rumford  observed  that  cotton,  silk,  wool, 
and  other  organic  substances,  when  exposed  to  the 
light  of  the  sun  under  water,  after  the  lapse  of  from 
three  to  four  days  gave  rise  to  the  evolution  of  pure 
oxygen  gas.  With  the  appearance  of  the  first  gas- 
bubbles  the  water  asHiunes  a  greenish  colour,  and 
exhibits  under  the  microscope  the  presence  of  an 
immense  number  of  minute  spherical  animals,  to  which 
the  green  hue  of  the  water  is  owing.  No  coufervce 
or  other  microscopic  plants,  to  which  the  evolution  of 
oxygen  could  be  ascribed,  were  perceived. 

These  observations,  made  about  seventy  years  ago, 
have  been  rescued  from  oblivion  by  recent  observations. 

Id  the  salt-pans  of  the  salt-works  of  Rodenberg,  in 
the  electorate  of  Hesse,  a  slimy  and  transparent  mass 
is  formed,  which  covers  the  bottom  to  the  depth  of 
from  one  to  two  inches,  and  is  everywhere  interspersed 
with  large  air-bubbles,  which  ascend  in  great  numbera 
through  the  supernatant  fluid,  when  the  pellicles 
enclosing  them  are  torn  by  agitating  the  mass  with  & 
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stick.  Pfankuch  npon  investigation  found  the  air 
encloBod  in  these  bubbles  lo  be  Buoh  purs  oxygen  that 
a  wood  splinter,  the  flame  of  whictk  hM  been  just 
extingui^ed,  rekindles  into  a  flame  when  immersed 
in  it.  This  obaorvation  has  been  confirmed  by  Wohter. 
The  microscopic  inyesCigatioD  of  the  mass  at  the  bottom 
of  the  pans  proved  that  it  congisted  of  living  infusoria, 
chieflj  of  the  species  navicula  and  gallionella,  such  as 
occur  in  the  siliceous  fossil  strata  of  Franzensbad,  and 
in  the  paper-like  formations  of  Friberg.  After  being 
washed  and  dried,  the  mass,  upon  heating,  eTolred 
ammonia,  and  upon  incineration  left  white  ashes, 
consisting  of  the  siliceoua  skeletons  of  theseanimalculs, 
which  preaeired  the  original  form  of  the  animal  so 
perfectly,  that  thej  looked  like  the  original  deposit 
onlj  depriTcd  of  motion.  About  the  same  time, 
Ueasrs.  Ch.  and  A.  Worren,  !n  the  "  Transactions  of 
the  Academy  of  Bmssels"  {1841),  showed  that  water, 
with  Uie  co-operation  of  organic  matters,  evolves  a 
gas  containing  as  much  as  61  per  cent,  of  oxygen  ; 
and  that  this  phenomenon  is  to  he  ascribed  to  the 
presence  of  glamidotnonai  puhitcutiu  (Ehrenberg), 
and  gome  other  green  and  red  animalculss  belonging  to 
a  still  lower  grade  in  creation,  I  myself  took  an 
opportunity  of  vending  this  remarkable  fact,  upon 
finding,  in  a  trough  of  water  in  my  garden,  the  fluid 
coloured  green  by  the  presence  of  various  species  of 
infusoria.  I  filtered  it  through  a  rerj  fine  sieve,  in 
order  to  separate  ail  confervs  or  vegetable  matters, 
and  then  exposed  it  to  the  light  of  the  sun  in  an 
inverted  beaker  glass  completely  full,  the  aperture  of 
which  was  confined  by  water.  After  the  lapse  of  a 
fortnight,  more  than  thirty  cubic  inches  of  gas  had  col' 
lected  in  the  glass,  which  proved  to  be  so  rich  in  oxygen, 
that  a  glowing  splinter  at  once  burst  into  flame  in  it. 
Without  venturing  to  draw  any  inference  from  these 
data  witii  respect  to  the  mode  of  nutrition  of  these 
creatures,  it  ia  certun  that  the  water  in  which  in^oria 
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exiet,  under  the  infiuence  of  the  Boleir  light,  contains 
a  source  of  pure  Tital  air  ;  it  ib  certain  that,  from  the 
moment  these  animals  are  perceived  in  the  water,  this 
water  ceases  to  act  injuriously  upon  the  higher  orders 
of  pWtB  and  animals  ;  for  it  is  impossible  to  conceive 
that  water  should  evolve  pure  oijgen,  while  it  contains 
putrefying  or  decaying  aulntances — that  is,  matters 
which  are  capable  of  combining  with  oiygen. 

Kow,  if  we  suppose  somo  animal  matter  in  a  state 
of  putrefaction  or  decay  added  to  water  of  this  kind, 
this  matter  must,  of  course,  be  resolved  into  its  ulti- 
mate products,  in  the  presence  of  such  s  source  of 
oiygen,  in  an  infinitely  shorter  space  of  time  than 
would  be  the  case  were  these  infuBoria  not  present. 

In  the  most  extensively  difiiised  animalculte,  namely, 
the  green  and  red  infusoria,  we  recognise  a  most 
admirable  cause  which  removes  &om  water  all  sub- 
stances injurious  to  the  life  of  the  higher  classes  of 
animals,  and  creates  in  their  place  nutritive  matters 
for  the  sustenance  of  plants,  and  the  oiygen  indis- 
pensable to  the  respiration  of  animals. 

The  infusorial  animalcules  cannot  be  the  causes  of 
putrefaction, — of  the  production  of  poisonous  matter 
deleterious  to  plants  and  animals^ — -but  an  infinitblt 
WISE  INTENTION  designs  them  to  accelerat«  the 
transition  of  the  elements  of  putrefying  substances 
into  their  ultimate  products. 

Among  the  fungi  and  agarics  there  are  many 
species  which  develope  themselveB  without  light,  and 
their  growth  and  development  are  attended  with  all 
the  circumstances  characteristic  of  animal  life.  They 
contaminate  the  air  and  render  it  unfit  for  respiration, 
by  absorbing  oxygen  and  exhaling  carbonic  acid  ;  in 
a  chemical  point  of  view,  they  are  like  animals  with- 
out the  power  of  motion. 

In  contradistinction  to  this  class  of  beings,  which 
can  scarcely  be  called  plants,  there  exist  living  beings 
endowed  with  motion  and  provided  with  the  charac- 
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teriatio  organs  of  snitnals,  which  act  in  the  light  like 
greon  plants  ;  they,  whilst  multiplying  in  numbers 
and  increaaiDg  in  size,  create  Bources  of  oxygen,  and 
carry  it  with  them  wherever  the  access  of  oxygen  in 
the  farm  of  air  ie  impeded  or  altogether  precluded. 

It  is  evident  that  infusorial  animalculfe  can  make 
their  appearance,  develope,  and  multiply,  only  in 
those  places  where  they  find  an  abundance  of  the 
neoesBary  nonrishment  in  a  form  adapted  to  assimi- 
lation. Sereral  species,  and  these  very  widely  dif- 
fused infusoria,  are  distinguished  from  other  species 
by  possessing  certain  inorganic  constituents,  namely, 
silica,  which  forms  the  shells,  or  cuirasses,  as  they 
may  be  termed,  of  navicuUe,  exilaria,  hacillaria, 
be.,  and  peroxide  of  iron,  which  is  a  constituent  of 
many  gallionellfB.  The  carbonate  of  lime  of  the  chalk 
animalculffi  is  precisely  similar  to  the  shells  of  the 
common  molluscous  animals. 

Many  persons  have  pleased  them  selves  with 
ascribing  the  enormous  depositions  of  silica,  of  lime, 
and  of  peroxide  of  iron  in  the  siliceous  fossil  strata, 
in  emery,  in  tripoli,  in  chalk,  and  in  bog  ores,  to  the 
vital  process  of  primeval  infusoria  ;  as  if  the  formation 
of  these  enormous  geological  strata  could  be  effected 
solely  by  the  vital  principle  !  But  they  have  alto- 
gether overlooked  the  circumstance  that  chalk,  silica, 
and  peroxide  of  iron  must  first  be  present  as  the 
necessary  conditions  of  the  life  of  these  creatures 
before  they  could  be  developed  ;  and  that  those  con- 
atituents  at  the  present  moment  are  never  absent  from 
the  sea,  the  lakes,  the  marshes,  where  the  some  forms 
of  animalculffi  occur  in  a  living  state. 

The  water  in  which  these  primeval  infusoria  lived 
contained  the  silica  and  the  chalk  in  solution,  and  in 
a  condition  perfectly  suitable  for  their  deposition  in 
the  form  of  marble,  quartz,  and  other  similar  mineral 
masses  ;  and  this  deposition  would  have  taken  place 
inevitably  in  the  or^ary  manner,  if  the  water  had 
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aot  contained  the  putrefjing  and  decaying  remung  of 
preceding  races  of  auimala,  and  in  them  the  other 
conditiona  of  the  life  of  ailiceouB  ood  calcareous 
infuBwia. 

Without  a  combination  of  these  olrcumBtanoeB— 
the  preeonce  of  these  substances  constituting  the  con- 
ditions of  their  existence — none  of  these  species  of 
aainia1cul»  would  have  propagated  and  increased  to 
form  those  enormous  masses.  These  infnsorial  ani- 
malculie  can  only  be  considered  accidental  medi»  of 
the  form  vhich  the  minute  particles  of  these  depo- 
sitions eihibit — accidental,  inasmuch  as  even  without 
these  creatures,  deposition  of  the  silica,  the  lime,  the 
peroiide  of  iron,  would  hare  taken  place,  Sea-wat«r 
contains  the  lime  of  the  coral  animals,  of  the  innu- 
merable mollusks  existing  in  this  medium,  in  the  same 
form  and  condition  as  it  is  contiuned  in  lakes  and  in 
marshes,  in  which  the  chalk  animalculce  develope 
themselTos,  or  those  mollusks  the  shells  of  which 
constitute  the  muschelkalk  formations. 

The  adherents  of  the  theory  according  to  which 
putrefaction  is  caused  bj  infusoria  and  fungi,  regard  a 
putrescent  body  as  a  nursery  of  infusoria  or  a  plants 
ation  of  fungi ;  and  where  organic  matters  puti^fy 
OTor  large  surfaces,  the  whole  atmosphere  must  he 
filled  with  the  germs  of  these  organised  beings. 
These  germs,  in  so  far  as  they  develope  themselves 
in  the  bodies  of  men  and  tuimols,  are,  according  to 
these  philosophers,  the  germs  of  disease,  and  the 
essence  of  contagions  and  miasms. 

The  foundation  of  this  parasitic  theory  may  be 
reduced  to  two  facts :  one  is  the  propagation  of 
scabies  ;  the  other,  a  disease  which  occurs  in  the 
silkworm,  the  muscardiue. 

Scabies,  or  the  itch,  is  an  inflammation  of  the  skin, 
caused  by  a  mite  (Aeanu  Scabui,  Sarcoptee  hitma- 
nui,)  which  lives  in  the  skin,  or,  more  properly,  in  its 
pores.     In  order  to  the  communication  of  the  disease. 
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ft  conlJnaed  approach,  eBpecially  during  the  ntglit,  of 
the  healthy  to  the  infected  person,  is  necesBary,  be- 
cause the  Acaru*  Scabtei  is  a  nocturnal  animal  of 
prej>  That  the  ineect  is  really  the  contagion  of 
scabies,  is  proved  by  the  following  facte  :  iooculation 
with  the  matter  of  the  pustules  does  not  escite  sca- 
bies ;  neither  does  inoculation  nith  the  crusts  of  these 
pustules ;  the  itch  can  be  cured  by  rubbing  with  brick- 
dust  ;  and  it  cannot  be  communicated  by  male  Acari, 
hut  only  by  the  impregnated  female  insect.  The 
disease  spreads  over  the  surface  by  propagation  of 
the  animal ;  it  is  chronic,  and  does  not  het^  sponta- 
neously. — (  Henle  . ) 

The  contagion  is,  therefore,  an  animal  with  ft  mfts- 
tioatory  apparatus,  which  Uys  eggs.  It  is  a  filed 
contagion,  because  the  animal  cannot  fiy,  and  becanse 
its  eggs  cannot  be  carried  through  the  air. 

The  mnsoardine  is  a  disease  of  the  silkworm,  caused 
hy  ft  iiiDguB.  The  germa  of  this  fungus,  introduced 
into  the  body  of  the  worm,  grow  ttom  within  at  its 
expense.  After  the  death  of  the  animal,  they  pene- 
trate the  skin,  and  on  the  surface  appears  a  grove  of 
fungi,  nhich  gradually  dry  into  a  £ne  dost,  whioh,  on 
the  slightest  agitation,  rises  from  the  substance  on 
which  it  lies,  and  is  diffused  in  the  air.  It  is  the 
type  of  volatile  cont^ons.  Good  nourishment  and 
p^ect  health  increase  the  liability  to  infection  in  the 
individual  worms  to  which  these  germs  are  conveyed. 

But  it  has  been  observed,  that  a  number  of  insects 
develope  and  propagate  themselves  only  in  the  body 
or  under  the  skin  of  higher  animals,  the  disease  and 
death  of  which  is  often  produced  by  them.  If  we 
call  the  Acarut  Scahiei  a  contagion,  then  all  diseases 
caused  by  animals  or  parasites  in  the  same  way  are 
contagions,  since  the  size  of  the  parasite  can  make  no 
difference  in  the  explanation. 

There  are  parasitic  plants,  like  the  muscardine, 
fotmd  in  diseased  fishes,  in  infusoria,  in  hens'  eggs. 
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and  it  is  therefore  certaia  that  these  ohserrations 
eetabliBb  a  class  of  facts  very  frequently  met  with 
intheaaimal  and  vegetable  kingdoms;  namely,  disease 
and  death  caused  by  parasiteB,  which  hve  exclusively 
at  the  expense  of  the  bodies  of  other  plants  or  ani- 
mals ;  and  if  it  is  right  to  call  a  fungus  a  contagion, 
it  must  be  admitted,  siuce  the  size  cannot  affect  the 
nature  of  the  phenomenon,  that  there  are  contagia 
aijt  or  eight  inches  long  ;  for  the  Sphceria  Boberti, 
which  is  developed  in  the  body  of  the  New  Zealand 
caterpillar,  attains  that  bulk. 

When,  however,  we  know  that  scabies  ia  propa- 
gated by  an  animal,  and  other  diseases  by  fungi,  no 
special  theory  ia  required  to  explain  infection  in  such 
cases  ;  and  it  is  obvious  that  all  states  belong  to  the 
same  class,  in  which  we  can  detect  the  same  or  simi- 
lar causes  of  their  propagation. 

But,  if  we  inquire  what  are  the  results  of  investi- 
gation, or  of  the  search  after  such  causes  in  other 
contagious  diseases,  we  find,  that  in  the  contagion  of 
small-pox,  of  plague,  of  syphilis,  of  acarlet-fever,  of 
measles,  of  typhus,  of  yellow  fever,  of  hospital  gan- 
grene, and  of  hydrophobia,  the  most  conscienUous 
observation  has  not  been  able  to  discover  animals  or 
any  kind  of  organised  beings,  to  which  the  propaga- 
tion of  the  diseases  can  be  ascribed. 

There  are,  consequently,  diseases  caused  by  animals, 
by  parasites,  which  grow  in  the  body  of  other  animals, 
and  at  the  expense  of  their  constituents.  These  can- 
not be  confounded  with  other  diseases  in  which  such 
causes  are  entirely  absent,  whatever  be  the  external 
resemblance  between  them.  It  is  possible  that,  in 
one  contagious  disease  or  another,  further  research 
may  show  that  they  belong  to  the  class  of  diseases 
caused  by  parasites;  but  so  long  as  this  is  not  proved, 
they  must,  by  the  rules  of  scientific  investigation,  be 
excluded  from  that  class.  The  scientific  pi-oblem  is, 
to  discover  the  special  causes  of  these  other  diseases. 
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the  question,  if  properly  put,  will  lead  ue  to  the  path 
bj  following  which  the  answer  is  to  be  obtained. 

The  greatest  difficulty  in  such  investigations  is, 
obviously,  that,  when  we  have  reached  a  certain  point, 
we  can  no  longer  distinguish  the  effects  of  the  vital 
forces  residing  in  a  living  being  from  those  of  phyucal 
forces.  All  attempts  to  define  strictly  the  line  which 
separates  animals  from  plants,  to  discover  certain  or 
infallible  matks  of  distinction  between  them,  have 
hitherto  been  unsuccessful.  What  we  perceive  are 
transitions,  hut  not  boundaries.  There  are  actions, 
caused  by  physical  forces,  which  exhibit  many  of  the 
peculiarities  of  vital  actions.  In  an  animal  of  a  high 
class  we  observe,  in  the  arrangement  of  its  parts,  and 
in  the  wonderful  agencies  derived  from  these,  so  great 
and  marked  a  difference,  when  compared  with  the 
phenomena  of  inanimate  nature,  that  many  are  led  to 
ascribe  them  to  peculiar  causes,  quite  different  from 
inorganic  forces.  The  vital  phenomena,  and  their 
unknown  cause,  long  appeared  to  naturalists  so  pre- 
dominant, that  the  co-operation  of  physical  and  che- 
mical forces  was  forgotten  ;  their  presence  was  con- 
tested and  denied.  In  contrast  to  this,  in  the  lowest 
orders  of  plants,  chemical  and  physical  agencies  so 
.preponderated,  that  special  proofs  of  the  existence  of 
vital  forces  became  necessary.  There  are  living 
beings  which  in  their  form  resemble  inorganic  preci- 
pitates. It  is  a  fact,  that  experienced  observers  have 
taken  crystalline  deposits  for  Algw  or  Fungt,  and 
have  thus  described  them.  At  the  boundary  line,  the 
effects  of  chemical  forces  are  no  longer  distinguishable 
from  those  of  the  vital  force. 

It  is  truly  marvellous  that  the  power  active  in 
animal  organisms,  the  vital  force,  should  be  able  to 
form,  out  of  only  four  elements,  a  number  of  com- 
pounds, infinite  even  in  the  mathematical  sense  of  the 
term ;  that  by  it  carbon,  oxygen,  hydrogen,  and 
nitrogen,  should  be  formed  into  substances  possessing 
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&U  tbe  properties  of  metaUto  oxides,  or  of  Inorganic 
Qcida  and  salts  ;  that  upon  the  verge  of  what  ie 
termed  inorganic  nature,  a  series  of  organic  elements 
begins,  and  becomes  so  eztensive  as  to  surpass  the 
limits  of  our  conception.  We  see  the  whole  of  inor- 
ganic nature,  all  the  numerons  combinations  of  the 
metals,  reproduced  ia  organic  nature :  with  carbon 
and  nitrogen,  with  carbon,  hydrogen,  and  oxygen, 
with  nitrogen  and  hydrogen,  are  formed  compound 
atoms,  which,  in  their  properties,  are  perfectly  analo- 
gous to  chlorine,  to  oxygen,  or  to  sulphur,  or  to  a 
metallic  body — not  in  a  few  isolated  pointo  of  resem- 
blance, but  in  all  their  properties.  It  is  scarcely 
possible  to  imagine  anything  more  wonderful  than 
that  carbon  and  nitrogen  should  form  a  gaseous  com- 
pound {et/anogen),  in  which  metals  bum  with  the 
evolution  of  light  and  heat,  as  in  oxygen  gae  ;  a 
compound  substance  which,  in  its  properties  and 
deportment,  is  a  simple  substance — an  element,  the 
smallest  particles  of  which  possess  the  stune  form  as 
those  of  chlorine,  bromine,  and  iodine,  since  it 
replaces  them  in  their  combinations  without  any 
alteration  in  the  crystalline  form  of  the  compound. 
It  is  in  this,  and  in  no  other  shape,  that  the  living 
organism  creates  elements,  metals — metalloids, — 
groups  of  atoms  so  arranged  that  the  forces,  active 
within  them,  acquire  the  power  to  manifest  themselves 
in  far  more  manifold  and  diverse  directions  than  is 
the  case  with  inorganic  atoms.  But  there  is  no 
power  in  nature  to  produce  substances  out  of  itself, 
or  out  of  nothing, — none  capable  of  annihilating  those 
causes  which  impart  to  matter  its  properties ;  iron 
never  ceases  to  be  iron,  carbon  never  ceases  to  he 
carbon,  nor  hydrogen  to  he  hydrogen.  No  iron,  no 
sulphur,  no  phosphorus,  can  he  created  in  the  living 
organism.  The  opinions  we  have  adverted  to  will 
be  looked  upon  half  a  century  hence  with  the  same 
smile   of  compassion   which   we    bestow    upon   the 
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dreama  and  fuiciee  of  alchemy.  It  belongs  to  baman 
luiture  to  form  such  notiona,  to  create  such  hjpo- 
thesea,  wherever  the  mind,  aa  ia  the  case  iii  infancy, 
is  too  little  dereloped  to  comprehend  the  truth. 

The  acquisition  of  the  most  common  neceeaaries 
of  life  is  ever  the  fruit  alone  of  labour  and  of  efibrt. 
It  is  the  same  irith  intellectual  wealth — the  know- 
ledge Deceasory  to  iucreaEe  and  perfect  our  mentU 
and  moral  ponera,  to  obtun  an  iniight  into  and  au 
apprehension  of  all  truth.  There  is  wata  only  where 
no  finn  will  exists — where  no  adequate  efforta  are 
exerted.  The  neceasaiy  meana  and  inatniments  exist 
abundantly  everywhere. 


Through  Nature  herself,  who  is  a  whole,  the  natural 
sciences  stand  in  a  necessary  mutual  connection,  so 
that  no  one  of  them  can  entirely  dispense  with  all  the 
others  for  its  development.  The  extension  of  the 
individual  braoches  of  science  by  researches,  has  the 
inevitable  result,  that  in  a  certain  stage,  or  at  a 
certain  period,  two  of  them,  for  example,  come  iuto 
contact  at  their  boundaries.  Asageneralnile,  anew 
science  arises  on  the  debateable  land  between  them, 
which  combines  in  itself  the  objects  and  the  modea 
of  viewing  the  phenomena  of  both.  In  order  to  this 
interpenetratton,  both  must  have  reached  a  certain 
advanced  atage  ;  the  independence  of  the  origin^ 
territories  must  be  aecured,  for  till  this  be  done,  the 
ener^es  of  the  philosopher  will  not  be  applied  to  the 
border  province.  In  theae  daya  we  look  forward  to 
euch  a  fusion  of  physiology  with  chemistry,  as  to  one 
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of  the  most  Btriking  results  of  acientific  inTeati^tion. 
Fhysiologj  bfts  attained  a  point  at  irhich  it  can  no 
longer  dispense  with  chemistry  in  striving  after  its 
object,  namely,  the  study  of  the  vital  phenomena  in 
their  natural  Bucceasion.  Chemistry,  the  duty  of 
which  is  to  show  in  what  degree  the  vital  properties 
depend  on  chemical  forces,  has  been  prepared,  and 
is  now  ready,  to  take  up  new  departments  of  science, 
to  be  independently  studied. 

The  phenomena  presented  by  animals  during  their 
life  are  among  the  most  compUcated  natural  appear- 
ances ;  and  the  detec^on  of  their  different  canses, 
and  the  ascertaining  the  precise  share  of  each  in  the 
result,  is  a  task  of  peculiar  difficulty. 

It  is  a  rule  in  natural  scieuce  to  divide  every 
difficulty,  which  is  to  be  examined,  into  as  many 
parts  as  possible,  and  to  study  each  of  these  separately. 
According  to  this  rule,  all  physiological  phenomena 
may  be  divided  into  two  classes,  of  which  each,  up  to 
a  certain  point,  may  be  studied  quite  independently 
of  the  other.  Such  a  separation,  it  is  obvious,  is  not 
found  in  Nature,  where  both  classes  of  phenomena  are 
mutually  dependent,  so  that,  indeed,  they  mutually 
determine  each  other. 

The  processes  of  impregnation,  development,  and 
growth  in  animals,  the  mutual  relations  of  their 
organs,  and  the  agencies  peculiar  to  these, — the  laws 
of  their  motion,  and  of  that  of  the  fluids  of  the  body, 
— the  anatomical  and  other  peculiarities  of  nervous 
and  of  muacular  fibres  ;  all  these  striking  and  inte- 
resting  phenomena  may  he  ascertained  without  regard 
to  the  nature  of  the  substances  which  form  the  parts 
in  which  these  properties  reside.  But  physiology  has 
to  do  with  other  phenomena,  not  less  important. 
Digestion,  sanguification,  nutrition,  respiration,  and 
secretion  depend  on  a  change  of  form  and  quality 
on  the  substances  introduced  from  without  into  the 
system,  or  on  certain  solid  or  liquid  constituents  of 
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the  orgaDism  ;  and  it  ts  in  the  study  of  these  processes, 
M  far  as  they  can  be  regarded  apart  from  structure, 
that  chemistry  must  come  to  the  aid  of  physiology. 
It  IB  evident  that  physiology  has  two  fouudaCioDS,  and 
that  by  the  fuBion  of  physiological  physics,  the  founda- 
tion  of  which  is  anatomy,  with  physiological  chemistry, 
which  rests  on  animal  chemistry,  a  new  science  must 
arise,  a  true  physiology,  which  will  stand  in  the  same 
relation  to  Uie  physiology  of  the  present  day,  as 
modern  chemistry  does  to  that  of  the  eighteenth 
century. 

In  order  to  form  a  just  idea  of  the  interpenetration 
of  physiology  and  chemistry,  we  must  call  to  mind 
similar  occurrences  in  the  history  of  science.  Thus 
the  character  of  modern  chemistry  has  been  essen- 
tially determined  by  the  circumstance  that  it  has 
absorbed  into  itself  entire  branches  of  physics,  which 
now  DO  longer  belong  to  that  science.  The  density 
of  bodies  in  the  gaseous  state,  forty  years  ago,  was 
regarded  as  a  purely  physical  character  ;  but  since 
we  have  learned  that  this  property  depends  on  the 
composition  in  a  fixed  relation,  IJie  study  of  this 
property  belongs  to  chemistry.  Similar  relations 
have  been  discovered  between  the  specific  boat,  the 
boiling  point,  and  the  crystalline  form  of  bodies,  on 
the  one  hand,  and  their  composition  on  the  other  ; 
and  it  is  now  chemistry  which  especially  occupies 
itself  with  the  exact  determination  of  these  properties. 
The  doctrine  of  electricity,  so  far  as  it  is  the  result  of 
a  change  in  form  and  quality,  of  a  chemical  change, 
has  now  almost  entirely  passed  into  the  domain  of 
chemistry. 

Exactly  in  the  same  way.  the  more  accurate  know- 
ledge of  vital  phenomena  will  establish  the  conviction 
that  a  number  of  physiological  properties  depend  on 
chemical  composition  ;  and  physiology,  when  it  shall 
have  taken  up  animal  chemistry  as  a  part  of  itself, 
will  possess  the  means  of  investigating  this  relation  of 
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dependence  ;  it  will  then  be  enabled  to  find  a  jnster 
expression  for  pbjsiological  phenomena. 

Men  have  often  tried  to  eiplain  rital  phenomena 
excliuivelj  on  chemical  principlea,  and  te  make 
phjaiology  a  part  of  cbemiatry.  Tbia  was  done 
oenturiee  ago,  at  a  time  when  the  chemical  changes 
in  the  body  were  better  known  than  the  organism 
itself.  Jlut  when  men  had  learned  to  know  the 
admirable  atracture,  the  form  and  quality  of  the 
organs,  and  their  combined  action  by  a  more  eiaxit 
study  of  anatomy,  they  imagined  that  tbej  bad  fonnd 
the  key  in  certain  principles  of  mechanics.  All  sucb 
attempts  have  entirely  failed ;  and  tbeir  failure  gave 
rise  to  pbysiology  as  an  independent  science.  Mine- 
ralogy was  in  a  similar  relation  to  chemistry  ;  forty 
years  ago,  many  considered  it  a  part  of  cbemistiy, 
and  compouDd  minerab  were  classed  witb  the  salts. 
Mineralogy  conquered  her  independence,  not  by  re- 
jecting the  doctrines  of  chemistry,  but  by  taking  into 
her  own  domain  the  detorminntion  of  the  composition 
of  minerab.  Since  min^al  analyds  has  become  a 
part  of  mineralogy,  it  is  from  mineralogists  that  we 
have  obtained,  and  daily  obtain,  the  most  valnable 
results  in  regard  to  tbe  ration  which  exists  between 
tbe  chemical  composition  of  minerals  and  their 
crystalline  form  and  other  physical  properties. 

One  difficulty  in  effecting  a  mutual  understanding, 
wbicb,  however,  may  easily  be  removed,  still  exists  in 
the  circumstance,  that  in  physiology,  the  same  word 
does  not  always  imply  the  union  of  the  same  things 
or  of  the  same  compounds  with  the  same  properties  ; 
bnt  that,  in  any  such  words,  less  attention  is  ptud  to 
tbe  nature  and  quality  of  the  substance  than  to  tbe 
part  ascribed  to  them  on  tbe  vital  process,  or  their 
occurrence  in  certain  organs. 

In  physiology,  for  example,  tbe  words  urine  and 
bile  are  used  to  designate  fluids,  which  are  found  in 
the  sacs  of  certain  organs,  the  nature  of  which  may 
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vary  in  many  irajs,  without  their  ceaaing  to  be 
regarded  as  urine  or  bile.  la  like  manner,  tlie  phy- 
siological idea  of  blood  is  not  deriTed  irom  cert^n 
properties,  bnt  is  attached,  iritbout  anj  regard  to 
form  and  coionr,  to  the  nutritive  property,  or  the 
nutritive  function  of  the  fluid,  and  it  inseparable  from 
that  idea,  to  which  all  other  properties  are  made 
subordinate. 

In  chemistry,  which  studies  the  properties  of 
bodies,  the  names  of  urine,  bile,  blood,  milk,  tut.,  ore 
attached  to  the  complex  ideas  of  certain  properties  in 
each  ;  ia  such  a  manner,  that  the  name  must  not  be 
given  to  a  substance,  when  the  properties  included  in 
it  are  wanting  ;  and  since  all  these  fluids  are  mix- 
tures of  serentl  less  complex  compounds,  chemistry 
distinguishes  those  which  are  invariable  or  charac- 
teristic from  SQch  as  vary  and  do  not  determine  the 
leading  properties. 

The  notion  of  urine  is,  in  chemistry,  inseparable 
from  the  presence  of  certain  compounds,  urea  and 
uric  acid  ;  and,  chemically,  the  name  of  urine  cannot 
be  given  to  a  fluid,  in  which  these  are  entirely 
absent. 

Blood  and  milk  are  mixtures  ;  the  ingredients  of 
which  are  present,  not  in  fixed  invariable  proportions, 
but  in  variable  quantities.  The  mixed  quality  of  the 
blood  is  even  visible  to  the  naked  eye.  Under  the 
microscope  we  see  minute  red  discs,  the  blood 
globules,  swimming  in  a  colourless  or  pale  yellow 
fluid,  the  serum,  or  rather  liquor  sanguinis.  Lymph 
contains  two  colourless  bodies,  one  of  which  coagu- 
lates spontaneously,  as  fibrine,  at  ordinary  tempera- 
tures ;  the  other  is  coagulated  by  heat,  as  albumen. 
Its  turbid  milky  appearance  is  caused  by  suspended 
and  visible  drops  of  fat  oil.  When  lymph  is  agitated 
with  ether,  it  becomes  clear,  the  fat  being  dissolved 
by  the  ether. 

The  mixed  nature  of  some  other  fluids,  as  of  the 
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bile,  is  not  so  easily  demonstrated;  but  still  it  may 
be  easily  dooe  by  the  use  of  chemical  means  of 
separation,  such  as  we  koow  do  not  produce  any  real 
chemical  change  in  the  substances  l<t  which  they  are 
applied. 

The  bile  of  animals  is  golden  yellow,  green,  or 
yellowish  brown  ;  when  freshly  tafen  from  the  gall- 
bladder, it  contains  a  gelatinous,  swelled-up,  tasteless 
matter,  insoluble  in  water,  mixed  with  it,  which  is 
entirely  separated  by  the  addition  of  alcohol.  The 
alcoholic  solution  has  the  colour  of  the  bile  ;  and  if 
filtered  through  charcoal  powder,  the  colouring 
matter  is  retained,  while  all  the  other  constituents  are 
found  in  the  colourless  solutiou. 

Bile,  then,  is  coloured  as  blood  is  ;  with  this  dif- 
ference, that  its  colouring  matter  is  dissolved,  not 
suspended,  although  it  is  not  in  chemical  combination 
with  any  of  the  other  organic  constituents.  Were  it 
so  combined,  the  charcoal  which  retains  it  would  also 
retain  some  other  substance  ;  but  it  contains  none, 
save  the  colouring  matter.  When  bile  is  shaken 
with  ether,  or  when  a  sufficient  quantity  of  ether  is 
added  to  the  colourless  alcoholic  solution,  the  mixture 
forms  two  strata  ;  one  a  heavy  syrupy  liquid,  which 
subsides,  the  other  a  lighter,  which  swims  above  it. 
The  latter  contains  the  ether,  in  which  is  found  ft 
quantity  of  fat.  This  fat  was  a  constituent  of  the 
bile,  not  however  suspended  in  drops  aa  in  lymph,  but 
dissolved. 

The  bile  of  birds,  mammalia,  fishes,  and  amphibia, 
so  far  as  yet  examined,  behaves  as  above  described 
towards  alcohol,  charcoal,  and  ether.  It  is  no  single 
compound,  but  a  mixture  of  several  such  compounds. 
Were  it  a  single  compound,  no  one  of  its  properties 
could  be  removed  without  destroying  aU  or  the  greater 
part  of  the  rest.  Now,  from  bile  we  can  remove  its 
viscidity,  its  colour,  its  soapy  quality,  without  the 
slightest  change  in  the  other  essential  properties  ; 
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but  from  the  matter  which  is  left,  the  purified  bile, 
ire  canDot  removo  any  one  of  its  properties  irithout 
destroying  it.  It  is,  then,  a  compound,  or  rather  two 
compounds,  of  soda  with  two  acids  (formed  W  the 
couphng  of  the  uitrogenised  bodies,  glycocoll  [sugar 
of  gelatine],  and  taurine,  with  the  non-nitrogen ised 
cholalic  acid),  and  distinguished  bj  its  very  bitter 
taste,  and  by  the  property  of  assuming  a  purple  red 
colour  when  acted  on  by  sugar  and  concentrated 
sulphuric  acid.* 

The  observation,  that  almost  all  parts  of  the 
animal  body,  the  substance  of  the  nerves  and  brain, 
and  the  fteces,  contain  the  same  kind  of  fat  as  the 
bile  ;  that  the  serum  of  coagulated  blood  has  a  colour 
very  similar  to  that  of  bile  ;  that  the  mucus  whicb 
forms  on  the  surface  of  the  intestinal  canal  is  not  dia- 
tinguishable  from  the  mucus  of  the  gall-bladder  :  all 
this  shows,  that  fat,  colouring  matter,  and  mucus  ' 
are  not  to  be  considered  as  essential  or  peculiar  to 
the  bile  ;  whereas  the  bitter  substance,  insoluble  in 
ether,  soluble  in  water  and  alcohol,  is  found  in  the 
bealthj  state  only  in  the  bile,  and  in  no  other  part 
of  the  bodf .  It  is,  therefore,  regarded  by  the  chemist 
M  that  which  gives  to  the  bile  its  character,  so  that, 
in  a  chemical  sense,  bile  means  only  this  one  con- 
stituent. 

For  the  same  Teoson,  uric  acid,  urea,  and  allan- 
tiMne,  which  are  allied  compounds,  inasmuch  ae  uric 
acid  may  be  converted  into  urea  and  allantoine,  are 
regarded  as  the  characteristic  constituents  of  the 
urine  of  all  animals,  because  every  urine  contains  two 
or  one  of  tbem.  Uippuric  and  benzoic  acids,  which 
are  constituents  of  human  nrin»,  as  well  as  of  that 
ot  the  horse  and  cow ;  and  kreatine  and  kreatinine  in 
human  urine,  are  variable,  not  essential  constituents, 

*  It  it  Temukalile  itM  the  bile  of  tlie  iwins  coutuna  >  peculiu- 
orgonic  Kid,  uiBlogoui  to,  but  diitinct  from,  tbe  «id>  o(  lU  other 
Icindi  of  bile-  ye%  eiunincd. 
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because  they  do  not  occur  in  the  nrine  of  birds 
and  serpents,  or  at  least  have  not  been  detected 
therein. 

It  is  well  known  that  fresh-drawn  blood,  if  left  to 
itself,  in  a  vtrj  short  time  co^^latea  to  a  g^Iatinons 
mass,  and  that  this  ooagulation  depends  on- a  sepa- 
ration of  the  fibrins  of  the  blood,  which  separatM 
from  the  fluid  (the  seram)  in  the  form  of  a  jelly,  or 
rather  a  networV  of  iDfiaitelj  fine  colourless  translu- 
cent fibres,  which  inclose  the  red  globules,  and  thns 
form  the  clot.  If  the  blood,  before  coagulation,  be 
whipped  or  beaten  with  a  rod  or  bundle  of  twigs,  no 
clot  ia  formed,  because  the  fibrine  is  prevented  ftxim 
forming  a  network  ;  the  fibres  adhere  into  coaraer 
elastic  white  masses,  whioh,  when  washed  with  pure 
water,  lose  all  red  colour,  and  become  perfectly  white. 
This  fibrine,  if  laid  in  water,  to  every  ounce  of  which 
a  drop  of  muriatio  acid  has  been  added,  swells  np  to 
a  stiff  jelly,  without  dissolving  ;*  when  the  quantity 
of  water  is  not  too  large,  it  is  absorbed  by  the  swollen 
fibrine  as  by  a  sponge  ;  and  if  concentrated  muriatio 
acid  be  added  te  the  mass,  the  fibrine  ehrinks  to  its 
original  bulk.  If  agtun  laid  in  water,  it  again  swells 
up,  and  shrinks  again  on  the  addition  of  acid.  After 
the  fibrine  has  been  thns  treated  alternately  for  ten 
times,  it  leaves,  when  dried  and  incinerated,  2  per 
cent,  of  ash,  contuning  peroxide  of  iron,  lime,  and 
pbosphorio  acid.  It  is  perfectly  obvious  that  these 
substances  were  not  merely  mixed  with  the  fibrine  ; 
for  they  are  rettuned  by  it  with  a  force  much  greater 
than  the  strong  affinity  of  muriatic  acid  for  phosphate 
of  lime  and  oxide  of  iron.  These  inorganic  sub- 
stances are,  therefore,  considered  as  essential  and 
necessary  constituents  of  the  fibrine  of  blood. 

*  Id  Ihna  propcrtist  Ihe  £briae  of  blood  ia  tcij  diffl^nnt  tnm 
ttax  ot  muKle,  >  chlsf  coDBtitDcitt  of  tlie  uiim^  bod;;  wbjcb, 
aadei  tbe  naae  circumiuacn,  diuolvea  into  i  clear  liquid,  oiil]r 
troubled  by  dropi  of  ttx  >ui|>«Dded  ia  JL 


caniMovCoO'^lt^ 


CHEmSTRT  AND  PHTSIOLOQY.  257 

This  want  of  mutual  nnderatanding  in  tlie  terms 
used  is  not  the  only  obstacle  to  the  vigorone  cct-ope- 
ration  of  chemistry  and  phjaiologr,  A  still  greater 
difficulty  lies  in  the  difference  of  their  methods  of 
research^  In  the  inTostigationB  of  chemistry  and 
physicB,  it  IB  a  principle,  that  a  composite  phenomentm 
moBt,  abore  all  things,  be  reduced,  by  obaerration,  to 
more  simple  facts.  We  then  begin  with  the  simple, 
and  pass  on  to  the  study  of  the  complex.  The  first 
qnestions  refer  to  the  proximate,  not  to  the  ultimate 
causes,  and  we  proceed  from  the  known  to  the 
unknown.  In  physiology  and  pathology,  men  long 
tried  to  investigate  the  most  complex  phenomena 
before  they  were  acquainted  with  the  simplest.  They 
attempted  to  explain  fever  before  they  knew  anything 
of  respiration ;  they  expliuned  the  derelopment  of 
heat  in  the  l>ody,  without  taking  into  account  the 
influence  of  the  atmosphere  ;  and  the  function  of  bile 
in  digestion  was  explained  before  the  composition  of 
the  bile  was  known.  Hence  the  perpetual  strife  con- 
cerning the  oauses  of  life,  which  in  itself  is  so  little 
e&sing,  BO  pnrposelesB,  so  profitless,  because  the 
proximate  causes  of  the  aimplest  vital  phenomena  are 
hardly  known  to  us. 

It  is  certain  that  a  number  of  effects,  observed  in 
the  living  body,  are  determined  by  chemico-physical 
causes,  hut  it  is  going  much  too  far  to  conclude  from 
this  that  all  the  forces  which  act  in  the  organism  are 
identified  with  those  which  govern  dead  matter.  It 
ia  easy  to  show  that  those  who  adopt  such  an  opinion 
have  lost  sight  of  the  first  and  simplest  rule  of  the 
phyuco-ofaemical  method  of  inquiry,  which  directs  ua 
to  prove  that  an  effect  which  we  aacribe  to  a  canae 
retJly  is  due  to  that  cause,  and  no  other. 

If  heat,  electricity,  magnetism,  and  chemical  at- 
traction, are  to  be  viewed  as  the  causes  of  vital 
phenomena,  we  must  first  of  all  prove  that  those  parts 
of  the  animal  body,  in  which  forces  act,  exhibit  phe- 
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nomeoB  similar  to  those  observed  iu  iaor^Dic  bodies, 
when  Babjected  to  the  action  of  the  same  forces.  We 
must  show  how  the  physical  forces,  above  named,  act 
together  to  produce  the  admirable  harmony  of  arraoge- 
mentB  presented  by  organised  beings  from  their  first 
deTelopment  to  the  period  at  which  their  elemeots  are 
again  restored  to  ihe  domain  of  inorganic  nature. 
For  if  we  suppose  that  .the  forces  of  inorganic  natm« 
are  identical  with  those  of  organic  nature,  we  neces- 
sarily assume  that  all  natural  forces  are  known  to  ub  ; 
that  their  effects  are  ascertained  ;  and  that  we  are 
able  to  deduce  the  causes  from  the  effects,  and  to 
expliun  tiie  share  which  belongs  to  each  in  the 
arrangementa  which  constitute  life. 

It  suffices  to  cast  a  glance  at  the  writings  of  the 
authors  who  defend  this  view,  in  order  to  perceive  how 
far  we  still  are  from  any  such  conclusion.  This  opi- 
nioD  generally  proceeds  from  very  able  and  profound 
philosophers,  who  haTO  attended  exclusively  to  the 
phenomena  of  motion  in  the  animal  organism.  Find- 
ing that  these  phenomena  occur  according  to  fixed 
mechanical  laws,  they  are  tempted  to  believe  that  they 
are  determined  by  the  same  laws  as  the  umilar  phe- 
nomena observed  out  of  the  body.  But  no  one  has 
hitherto  rentured  to  point  out  the  relations  of  these 
effects  to  heat,  electricity,  magnetic  force,  &c,,  or  to 
show  the  degree  in  which  they  are  dependent  on  these 
forces.  All  that  we  know  of  the  matter  is,  that  the 
inorganic  forces  have  a  certain  share  in  these  effects. 

On  the  other  hand,  it  is  quite  impossible  to  partake 
the  opinions  of  those  who  believe  that  they  can  explain 
the  mysterious  phenomena  of  life  by  the  assumption 
of  one  or  more  vital  forces.  These  persons  take  a 
phenomena,  without  inquiring  whether  it  be  simple  or 
complex.  They  ask,  whether  it  can  be  explained  by 
chemical  affinity,  or  by  the  electric  or  magnetic  force  ; 
and  since,  at  this  time,  it  is  impossible  to  answer  this 
^oestioD  in  the  affinuative^  that  is,  as  a  matter  of  nn- 
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doubted  proof,  they  conclude  that  the  phenomenon  is 
determined  hy  none  of  these  forcee,  but  by  very  pecu- 
liar forces  belonging  to  living  beings.  But,  in  the 
search  after  the  causes  of  phenomena,  the  method  of 
eicluaion  is  only  permitted  in  those  cases  in  which  vre 
are  certain  that  the  total  number  of  caueee  to  which 
the  effect  can  by  possibility  be  referred,  is  positively 
known  and  fixed ;  and  then,  only  on  condition  of 
proving  that  the  effects  belong  to  one  oloue  of  all 

The  physical  forces,  as  far  as  concerns  their  nature 
and  essence,  are  very  little  known  ;  and  no  one  can 
maintain  that  any  one  of  them  has  no  actioa  in  a  given 
case,  that  it  haa  no  share  in  any  given  vital  phenome- 
non. We  have  detected  the  most  wonderful  connec- 
tions between  the  electric  force  and  chemical  attraction, 
hut  we  are  atUl  far  removed  from  knowing  with  cer- 
ttuntj  the  real  nature  of  these  relations.  Cohesion, 
or  the  cause  of  the  grouping  of  homogeneous  or  hke 
atoms  into  a  mass,  is  known  to  us  in  its  essence  least 
of  all ;  and  its  relations  to  chemical  attraction,  to  that 
which  groups  dissimilar  atoms,  are  yet  more  obscure 
than  those  of  the  latter  to  the  electric  forces. 

Affinity,  or  chemical  attraction,  is  to  us,  at  this  mo- 
ment, the  cause  to  which  we  ascribe,  immediately,  the 
combination  of  unlike  atoms  ;  but  the  mutual  attrac- 
tion of  the  same  bodies  is  not  invariable,  it  does  not 
always  remain  the  same,  and  it  is  impossible  for  us  to 
consider  the  force  by  itself,  precisely  because  it  never 
acts  alone,  and  because,  in  order  rightly  to  appreciate 
one  of  its  effects,  we  are  compelled  to  attend  to  those 
circum stances, — temperature,  cohesiou,  electrical  state, 
&c.,  in  which  bodies  are  found,  when  we  cause  them 
to  act  on  each  other. 

We  have  recently  become  acquainted  with  a  large 
number  of  phenomena,  of  which  we  hardly  know 
which  of  all  the  known  forces  or  causes  have  »  abare 
in  producing  them.    In  former  ages,  men  would  have 


c.an:a(,GoOgk 


260  LETTERS  ON  CHEMI8TET. 

hastened  to  deduce  from  this  the  exiBtence  of  peculiar 
forces  till  thea  unknown.  This  we  no  longer  do,  b&- 
cauM  we  are  conacious  of  oar  ignorance  in  reference 
to  the  peculiaritieB  of  the  known  forces,  especiallj  of 
the  Bo-called  molecolar  forces,  cohesion  and  affinity. 

If  we  place  in  a  common  champagne  glass  a  soln- 
tion,  saturated  at  a  high  temperature,  of  Glauber's 
salt  in  water  (two  parts  of  the  salt  to  one  of  water), 
and  allow  it  to  cool,  the  salt  crystallises,  and  the 
liquid  congeals  to  a  thick  mass  of  crystals,  like  ice. 
If  the  same  glass  be  half  filled  with  the  hot  solution, 
its  mouth  coTered  with  a  plate  of  glass,  a  watch-glass, 
or  a  card,  and  then  allowed  to  cool,  the  liquid,  after 
ten  hours,  or  more,  deposits  no  ciystals,  not  even 
when  the  covering  is  removed.  If  we  now  immerse 
in  it  a  common  glass  rod,  the  most  beautiful  needles 
and  plates  of  Glauber's  salt,  are  formed  from  the  sur- 
face of  the  rod,  and  in  a  few  seconds  the  congelation 
is  complete.  The  liquid  is  in  a  glass  tossoIj  but, 
although  in  contact  with  glass,  does  not  ciystalliBe  ; 
another  portion  of  glass,  that  had  not  cooled  m&  it, 
instantly  causes  crystallisation.  This  appearance  is 
sufficiently  remarkable  ;  hut  still  more  striking  is  the 
fact,  that  if  we  heat  one  end  of  the  same  glaaa-rod 
for  a  few  minutes  in  the  flame  of  a  spirit-lamp,  and 
then  allow  it  to  cool,  the  rod,  at  that  end,  ts  qmte 
without  action  ou  the  orystallisation  of  the  salt.  It 
may  he  immersed  in  the  liquid,  and  moved  about  in 
it,  without  causing  the  slightest  change.  But  if  we 
turn  the  rod  round,  and  touch  the  hquid  with  the 
other  end,  which  has  not  been  heated,  crystaUiaation 
at  once  ensues.  To  a  superfioial  obserration,  the  rod 
seems  as  if  it  now  had  poles,  like  a  bar-magnet.  At 
one  end  it  retains  a  property,  which  it  has  lost,  by  the 
action  of  heat,  at  the  other.  If  left  exposed  to  free 
air,  it  gradually  recovers  the  lost  power  ;  hut  if  en- 
olosed  in  a  shiit  vessel,  it  continues  inacUve  on  the 
solution  for  ten  or  fourteen  days.     Even  after  bung 
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^pped  ID  water,  and  allowed  to  dry  in  the  air,  it  hu 
not  recovered  its  lost  effioacj. 

We  have  a  mifficieot  explanation  of  the  efiect  of 
motion  on  crystallisation  ;  but  the  action  of  heat  on 
the  property  poasesBod  by  the  glaaa-rod,  of  causing 
ciystalliBation,  is,  op  to  tbii  time,  utterly  unexplained 
and  obscnre. 

If  we  place  a  copper-plate  engraving  on  the  top  of 
a  shallow  open  pasteboanl  box,  on  the  bottom  of  which 
lies  a  little  iodine,  and  thug  expose  it  for  a  few  minntes 
to  tbe  vaponrs  of  iodine,  such  m  nee  at  ordinary  tem- 
peratures, and  if  we  then  press  it  firmly  on  a  sheet  of 
paper,  which,  like  machine'made  paper,  has  been 
uzed  with  starch  jelly,  and  is  moistened  with  very 
diluted  sulphuric  acid,  we  obtain,  on  tbia  paper,  a  most 
exact  impreBsion  of  the  engraving  in  the  most  beauti- 
ful azure  blue.  If  this  blue  impression  be  laid  on  a 
polished  copper-plate,  the  blue  linea  gradually  disap- 
pear, and  the  image  now  appears  in  perfect  distinct- 
nese  on  the  copper.  A  copper-plate,  a  drawing,  even 
an  oil-painting,  when  exposed  for  a  short  time  to  the 
iodine  vapours,  are  reproduced  on  a  plate  of  silver, 
and  when  this  plate  is  now  exposed,  as  in  the  daguer- 
reotype, to  the  vapour  of  mercuiy,  and  treated  in  the 
nanal  way,  a  beautjlul  daguerreotype  picture  is  ob- 
tained, but  without  the  aid  of  light.  It  is  here  quite 
obvious,  that  the  dark  parts  of  the  copper-plate,  or  of 
the  drawing,  have  attracted  and  condeuHed  tba  vapour 
of  iodine  in  a  much  higher  degree  than  the  white 
paper.  A  moist  aurface,  containing  starch  jelly,  at- 
tracts the  iodine  from  the  dark  parts  ;  on  the  paper 
appears  the  blue  iodide  of  starch,  as  a  blue  copy  of 
the  engraving.  A  plate  of  copper,  again,  attracts  the 
iodine  from  the  blue  compound,  and  on  the  copper 
appears  a  copy  in  iodide  of  copper. 

It  ia  evident  that  the  white  paper,  the  black  colour 
or  ink,  the  atarch  aod  the  copper,  have  very  unequal 
attractions  for  the  iodine  ;  and  that  the  cause  of  the 
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GondenBation  of  the  iodine  is  identical  with  thai  wUcli 
effects  the  condensation  of  gases  in  general  on  the 
surface  of  solid  bodies.  The  ink  of  the  engraving 
attractB  the  iodine,  hut  no  true  chemical  compoiud 
has  been  formed  ;  for  the  properties  of  the  black  colour 
remain  unchanged,  and  the  iodine  of  its  properties  has 
only  had  ita  volatility  destroyed  or  diminished  ;  it  acts 
on  starch  like  free  iodine. 

By  these  phenomena,  we  are  involuntarily  reminded 
of  one  of  the  moat  remarkable  occurrences  in  the 
animal  body,  namely,  the  part  played  in  the  respiratory 
process  by  the  solid  parts  or  globules  of  the  blood. 

The  blood  owes  its  colour  to  these  globules  or  cor- 
pneclea  ;  and  we  see  that  these  pass  in  the  lungs  from 
dark  red  to  scarlet,  while  tins  change  of  colour  is 
accompauied  by  an  absorption  of  oxygen.  The  pbyuo- 
logical  phenomena,  as  well  as  the  behaviour  <^  the 
liquor  sanguinis  when  separated  from  the  globules,  in 
contact  with  air  and  oxygen,  teach  ua,  that  a  great 
part  of  the  oiygen  which  enters  the  blood  is  taken  np 
by  the  blood  corpuscles,  which  behave  towards  the  gas 
as  rough  or  coloured  substances  do  towards  the  vapour 
or  gas  of  iodine.  The  oxygen  forms  with  them  a  com- 
pound of  a  peculiar  kind  ;  for  it  retains  when  absorbed 
or  condensed,  its  chemical  character,  and  its  power  of 
combining,  in  the  course  of  the  circulation,  with  other 
bodies  for  which  it  has  an  attraction. 

We  suppose  that  the  attraction  of  the  black  ink  of 
an  engraving  for  iodine,  and,  as  Niepce  has  shown, 
also  for  chlorine,  and  a  number  of  other  bodies  in  the 
form  of  gas  or  vapour,  as  well  as  that  of  the  blood 
corpuHcle  for  oxygen  gas,  is  an  effect  of  chemical 
attraction  or  affinity  ;  but  our  notions  of  the  essence 
of  this  force  are  as  yet  so  limited,  that  we  have  not 
even  a  name  for  this  kind  of  oombination. 

There  are,  as  we  see,  phenomena  enough  which 
eannot  be  ezpluned  after  the  pattern  of  the  naoal 
notions,  such  as  we  have  been  taught ;  there  are 
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signs  and  proofs  that  we  are  still' rery  far  from  know- 
ing the  UwH  even  of  known  forces.  Wo  can  resolie 
with  a  given  quantitj  of  sulphuric  acid,  unlimited 
quantities  of  alcohol  into  ether  and  water ;  we  can, 
by  the  help  of  the  same  acid,  convert  a  quantity  of 
starch  into  grape-sugar,  without  the  acid  heing 
nentralised  in  either  case.  These  effects  are  utterly 
distinct  tnta  the  effects  produced  when  sulphuric  acid 
acts  on  metals  or  on  metallic  oxides  ;  but  it  is  quite 
absurd  to  aacribe  them  to  a  peculiar  cause,  altogether 
different  from  chemical  affinity.  That  which  we  com- 
monly call  a  chemical  action  is  a  manifestation  of 
chemical  force,  and  is  nothing  more  than  a  fact  which 
proves,  that  in  a  given  case,  chemical  attraction  is 
more  powerful  than  all  the  resistances  which  oppose 
its  manifestations.  But  chemical  combination  is  only 
OHB  effect,  and  certainly  it  is  not  the  only  effect,  of 
chemical  affinity. 

This  imperfect  state  of  our  knowledge  of  the  essencQ 
and  of  the  effects  of  natural  forces,  explains  how  it 
comes  to  pass,  that  at  this  moment  we  are  unable  to 
solve  the  question  in  reference  to  the  existence  of  a 
peculiar  force  or  influence,  acting  in  the  living 
organism,  by  the  method  of  exclusion  or  elinunation. 
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The  history  of  science  gives  us  the  consoling  as- 
eurauce,  that  we  shall  succeed,  by  pursuing  the  path 
of  experiment  and  observation,  in  unveiling  the  mys- 
teries of  organic  life,  and  that  we  shall  be  enabled  to 
ohtiun  decided  definite  answers  to  the  question — What 
are  the  causes  which  have  a  share  in  prodocmg  th^ 
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Tital  phenomena  ?  All  the  pecnItaritieB  of  bodies,  all 
their  properties,  are  determioeil  by  Ute  oo-operation  of 
several  causes  ;  and  it  ii  a  problem  to  be  solved  hj 
scientific  researeh,  to  ascertain  tbe  proportion  iu  which 
each  individoal  cause  contribntes  to  the  effect.  In 
order  to  attain  a  knowledge  of  the  mutual  relations 
of  these  properties,  wv  must  endeavonr  to  become  ac- 
qnainted  with  them,  and  to  discover  the  cases  in 
which  the;f  vary.  It  is  a  natural  law,  which  admits 
of  no  exception,  that  variations  in  one  property  are 
always  and  invariably  aceompanied  by  uniform  and 
correspmiding  variations  in  another  property,  and  it  is 
perfectly  obvious,  that  if  we  know  the  laws  of  these 
variations,  we  are  enabled  to  dednce  one  property  from 
the  other  without  fiirther  observation. 

To  ascertun  a  natural  law,  is  nothing  nuve  than 
to  ascertiun  snoh  a  relatim  of  dependuiee.  Enow- 
ledge  of  the  law  includes  explanations  of  the  |^ieno- 
menoa,  and  an  insight  into  the  essence  of  the  forces, 
by  which  it  is  determined. 

It  is  known,  that  every  liquid,  under  the  same  cir~ 
cumBtanees,  boils  at  a  fixed  temperature.  This  is  so 
constant,  that  we  regard  the  boiling  point  as  a  cbarao- 
teristio  pn^rty  of  Uqnids. 

One  of  the  conditions  which  determine  the  constant 
temperature,  at  which,  in  the  interior  of  liquids, 
bubbles  of  vapour  or  gas  are  formed  and  rise  un- 
ohanged,  is  the  external  pressure.  The  boiling  point 
vanes  with  the  pressure  in  all  liquids,  in  each  accord- 
ing to  a  special  law.  It  rises  or  falla,  when  the  pres- 
Bore  is  increased  or  diminished.  A  certun  pressure 
corresponds,  in  any  liquid,  to  each  boiling  point,  and 
a  certain  boiling  point  to  each  pressure.  The  know- 
ledge of  this  law  of  the  dependence  of  Ixnting  point 
on  the  atmospheric  pressure,  has  led  to  a  method  of 
measuring  elevation  above  the  level  of  the  sea  ;  that 
is,  to  measure  one  property  by  the  variations  of 
anoljier. 
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Tlje  relations  in  wbich  the  boiling  point  of  liqnidB 
Btands  to  their  composition,  are  tese  generally  known. 
Wood  spirit,  alcohol,  and  the  oil  of  potato  spirit  are 
three  liquids  of  very  different  boiling  points.  Wood 
spirit  boib  under  the  pressure  of  30  inches  of  the 
barometer,  at  59°  C. ;  alcohol  at  78°  C. ;  potato  oil  at 
135°  C.  The  comparison  of  these  three  temperatures 
shows  that  the  boiling  point  of  alcohol  is  19°  C.  higher 
than  that  of  wood  spirit  (59°+  19  =  78°);  while  that 
of  the  oil  of  potato  spirit  is  four  times  19°  higher 
than  that  of  wood  spirit  (50°  +  [4  x  19]  =135°). 

Each  of  these  three  liquids  yields,  by  oxidation, 
under  the  same  circumstances,  a  volatile  acid  ;  &om 
wood  spirit  is  obtained  formic  acid  ;  from  alcohol, 
acetic  acid  ;  from  oil  of  potato  spirit,  valerianic  acid. 
Of  these  three  aaie,  each  again  has  a  constant  b(uU 
ing  point ;  formic  acid  boiling  at  99°  ;  acetic  acid  at 
118°  ;  and  valerianic  acid  at  176°  C.  On  com- 
paring these  temperattiree,  we  at  once  see  that  they 
lear  to  each  other  a  relation  similar  to  that  observed 
lietween  the  boiling  points  of  the  original  liquids. 
The  boiling  point  of  acetic  acid  is  19°  higher  than 
that  of  formic  acid  ;  and  that  of  valerianic  acid  is 
four  times  19°  higher  than  that  of  formic  acid,  A 
nnifonu  variation  in  one  property  corresponds,  as 
we  shall  see,  to  a  uniform  variation  in  another  pro- 
perty. One  of  the  properties,  in  this  case,  is  the 
composition. 

If  we  compare  the  composition  of  the  six  bodies, 
the  three  alcohols,  or  original  liquids,  and  the  three 
acids  formed  from  them  by  the  action  of  oxygen,  we 
obtain  the  following  results.  The  composition  of 
wood  spirit  is  represented  by  the  formula,  Cg  H^  0^  ; 
that  of  alcohol,  by  C.  H^  0^  \  that  of  the  oil  of 
potato  spirit,  by  Cm  Hj^  Oj. 

If  DOW  ve  designate  by  R,  a  weight  of  carbon  and 
hydrogen,  corresponding  to  the  symbol  C  H,  Hiat  is, 
one  equivalent  of  each,    we  see  at  once  that  the 
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formula  of  &lcohol  is  equal  to  that  of  wood  apirit, 
+  2B.. 

Wood  fjHrit.  Alcohol. 

C«  H^O,  +  C,  H,  =  C,  Hj  0, 

The  formula  of  the  oil  of  potato  spirit  (Amji- 
alcohol),  is  equal  to  that  of  wood  spirit,  4-  8  E- 

Wood  ipirit,  Amjlalcohol. 

CgH^O,  +  CaHg  =0,0  Hi,  0, 

The  formula  of  the  formic  acid  is  C,  &,  0^  ;  that 
of  acetic  acid  is  C^  H,  0,  ;  that  of  Talerianic  acid 
is  C,g  H  ,g  0^>  It  is  easy  to  see  that  the  formula 
of  acetic  acid  is  equal  to  that  of  formic  acid,  4-  2  R. 

FoTmlc  tai.  Antic  uid, 

Cj  Hj  0,  +  Cj  H,  =  C^  H^  0^ 

While  that  of  Taleriauio  acid  is  equal  to  that   of 
formic  acid,  -|-  8  B. 

Formic  add.  TiJeriuic  mdd. 

Cg  Hg  0.  +  Cf,  Hg  =  C  ,0  Hjo  0, 

According  to  these  facts,  the  entrauce  into  such  a 
compound,  or  the  addition  to  its  elements  of  two 
eqoivalenta  of  carbon  and  two  of  hjdrogen,  or  of  2  R, 
corresponds  to  a  rise  of  19°  C,  in  the  boiling  point. 
It  may  be  proved  that  this  relation  in  the  group  aboTO 
described  is  quite  constant,  and  that  from  a  know- 
ledge of  the  boiling  point,  ire  may  deduce,  back- 
wards, the  composition  of  the  liquid.  The  boiling 
point  of  the  formiate  of  oiide  of  methyle  (oxide  of 
methyle  is  C,  H3  0,  the  ether  of  wood  spirit),  is 
36°  C  ;  that  of  the  formiate  of  oiyde  of  ethyle, 
(common  ether,  or  oxide  of  ethyle,  C,  H^  0)  ia 
55°  C.  Here  again,  the  difference  ia  19°  C,  whllo 
from  this  we  might  conclude  that  the  composition  of 


C.jniMOvCOO'^lu 


COMPOSITION  AND  BOILmQ  POINT.         287 

the  latter  formiate  differi  from  tbat  of  tbe  fonner  by 
Cj  S„  or  2  R.  This  !b  found  to  be  the  ctwe.  The 
fonnulft  of  formiateof  Dzideof  methjleii  C.  H^  0^  ; 
and  that  of  the  corresponding  compound  of  ethyle  is 
C.  Hg  0^  :  therefore  eiaotly  inoreased  by  Oj  H^. 
Tben,  butyric  acid  boils  at  1S6°  0,  a  point  exactly 
three  times  19°  higher  than  the  boiling  point  of 
formic  acid  ;  and  a  eompariaon  of  the  formula  of  the 
two  BbowB  that  butyric  acid  may  be  regarded  as 
formic  acid  -f-  6  R. 

Fannie  tdd.  Butyrii:  idd. 

C,  H,  0^  +  CBHa=CgHa  0^ 

Toluidine  and  Aniline  are  two  voUtils,  organic 
bases,  differing  in  composition  so  that  Toluidine  con- 
tains jnst  Cj  Hg  or  2  R  more  than  Aniline  ;  Aniline 
being  represented  by  the  formula  C,j  H^  N,  Tolu- 
idine by  Cj^  Hg  N.  Now,  a  comparison  of  their 
boiling  points  shows  that  Toluidine  boils  at  a  tem- 
perature 19°  C.  higher  than  the  boiling  point  of 
Aniline. 

In  these  examples  it  is  impossible  not  to  recognise 
the  existence,  for  this  group,  of  a  natural  law  ;  no 
one  can  doubt  that  the  qualities  of  a  body  stand  in  a 
definite  relation  to  its  composition  ;  or  that  to  a 
change  in  qualities,  a  uniform  variation  in  something 
quantitative  is  found  to  correspond.  It  deserves  hero 
to  be  particularly  noticed,  that  the  knowledge  of  such 
a  law  of  nature  is  quite  independent  of  that  of  its 
proper  or  true  cause,  or  of  the  conditions  which, 
taken  together,  produce  the  constant  boiling  point : 
for  what  the  boiling  point  of  a  liquid,  considered  in 
itself  is,  is  a  matter  as  little  known  to  us  as  the  true 
idea  or  definition  of  vitality. 

In  the  above  examples  the  relation  between  only 
one  quality  of  bodies  and  their  composition  has  been 
pointed  out.     Bat  there  are  as  many  such  relations  as 
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there  are  peculiar  propertieB  poaeeesed  \>y  bodies. 
For  a  large  group  of  organic  chemical  compounds  a 
law  boa  been  made  ont,  according  to  irhich,  from  the 
boiling  point  and  the  compoaition,  we  can  determine 
the  weight  of  a  cubic  foot  of  the  compoiiDd  ;  that  is, 
the  property  of  specific  gravity,  of  the  preBflUre  which 
equal  bulka  of  bodies  exert  on  that  on  which  they  reat, 
ia  found  to  aland  in  a  fixed  relation  to  two  oiLer 
propcKiee,  and  to  vary  as  these  Tary. 

A  similar  relation  of  dependence  baa  been  ascer- 
tained in  regard  to  the  amount  of  heat  required  by 
different  bodies  to  cause  in  them  an  equal  rise  of 
temperature  ;  and  also  in  regard  to  the  properties  by 
weight  in  which  they  combine  together,  that  is,  their 
equiralent  numbers. 

It  is  a  well-known  fact  that  different  bodies  at  the 
same  temperature  contain  different  quantities  of  heat. 
Eqnal  weights  of  sulpbnr,  iron,  and  lead,  heated  to 
the  boiling  point  of  water,  cause,  when  placed  in 
contact  with  ice,  a  certain  quantity  of  it  to  melt;  and 
tbe  quantity  of  liquid  water  thus  produced  is  Teiy 
different  in  tbe  three  casea  :  the  sulphur  melting  six- 
and-a-half  times,  the  iron  nearly  four  times,  aa  mach 
ice  aa  the  lead  does. 

Did  these  bodies  contain  equal  amounts  of  heat, 
the  weights  of  ice  melted  by  all  must  be  equal ;  and 
the  inequality  of  effect  is  of  itself  enoagh  to  prore  an 
inequality  in  the  acting  canae.  It  ia  perfectly  certain, 
from  experiment,  that  if  we  hare  to  heat  eqnal  weights 
of  sulphur,  iron,  and  lead,  to  the  same  extent — say 
from  15°  to  300°  C., — with  the  same  spirit  flame,  we 
should  require  to  bum,  for  a  certain  weight  of  lead, 
for  example,  one  ounce  of  spirit ;  for  the  aarae  weight 
of  sulphur,  six-and-a-half  ounces ;  and  for  the  inm, 
nearly  four  ounces  of  apirit. 

The  different  qnantitiea  of  beat  thus  required  by 
equal  weights  of  different  bodies  to  undergo  the  same 
nse  of  temperature,  which  are  peculiar  to  them,  are 
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«iilled,  precisely  for  tliis  reuoii,  specific  heats.  From 
a  knowledge  of  the  umeqn&l  qiuntitieB  of  heat  eon* 
tained  in  bodieB  of  tlie  same  weight  and  at  the  Bam« 
temperature,  we  can  ascertain,  bj  the  rule  of  three, 
the  unequal  weights  of  Bulphur,  lead,  and  iron,  which 
contaia  the  same  amount  of  heat ;  and  it  results  from 
this  cfdcula^n,  that  16  parts  hy  weight  of  su^hur 
melt  aa  maoh  ice  as  28  of  iron  and  104  of  lead. 
Now  tiiese  numbers  are  the  same  which  eipreas  their 
combining  weights  (equival^it  numbers).  Equivalents 
of  these  and  of  many  other  bodies  take  up  equal 
quantities  of  heat  in  acquiring  the  same  temperature  ; 
aud  if  we  regard  the  same  equivalents  as  represent- 
ing the  relative  weights  of  the  atoms,  it  is  clear  that 
the  amoact  of  heat,  taken  up  or  given  out  by  an 
atom,  is  equal  for  each  atom,  and  when  expressed  ia 
numbers  for  the  atoms  of  different  bodies,  is  in  the 
■  inverse  ju-opcoiion  of  their  equiyaleuta  or  atomic 
weights. 

It  is  certainly  a  very  singular  result  that  the 
quantity  of  ice  melted  by  a  warm  body  in  cooling,  has 
served  in  many  cases  to  correct  and  to  fix  the  weights 
IB  which  that  body  combines  with  others. 

But  it  will  appear  to  many  still  more  strange  that 
this  property  of  taking  up  or  giving  out  heat,  stands, 
in  gaseons  bodies,  in  quite  a  d«Guite  relation  to  the 
tone  nt  a  pipe  or  flute,  produced  by  blowing  with  the 
gas  in  question  ;  so  that  a  distinguished  philosopher 
(Dulong)  was  able  to  fix,  from  the  unequal  tones,  the 
relative  amount  of  heat  which  differeut  gases  give  out 
on  compression,  or  absorb  on  eipauaioD. 

In  order  clearly  to  understand  this  remarkable 
relation,  we  must  call  to  mind  one  <^  the  finest 
tiioughts  of  La  Place,  in  regwd  to  the  otmnection 
between  the  specific  heat  of  gases  and  their  power  of 
propagating  sonnd.  It  is  well  known  that  Newton, 
and  many  mathematicians  after  him,  sought  in  vain 
for  a  fOTmula  which  ^ould  express  the  velocity  of 
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Bound  in  a  manoer  corresponding  to  the  results  of 
obserTBtion.  The  calculated  result  was  always  ne&r 
to  the  obserred  one  ;  but  an  unaccountable  difference 
always  remained.  Since  the  propagation  of  sound 
occurs  by  a  vibration  of  the  elastic  gaseous  particles, 
consequently  as  the  result  of  a  compression  and  a 
subsequent  expansion  of  these  ;  and  since  when  a  gas 
is  compressed  heat  is  given  out,  and  when  it  again 
expands  heat  ia  absorbed,  La  Place  conjectured  that 
this  heat  might  have  an  influence  on  the  propagation 
of  sound.  It  appeared,  in  fact,  that  after  taking  into 
account  the  specific  heat  of  atmospheric  air,  the 
fommla  of  the  mathematicians  became  free  from  all 
error,  and  was  an  exact  eipresfiion  of  the  observed 
velocity. 

If  we  now  calculate  the  velocity  of  sound  according 
to  the  formula  of  Newton,  and  therefore  without 
regard  to  the  specific  heat  of  air,  and  if  we  compare 
the  result  with  that  derived  from  the  formula  of 
La  Place,  we  perceive  a  difference  in  the  length  of 
the  space  traversed  by  a  wave  of  Bound  in  a  second, 
ia  the  two  cases.  This  difference  proceeds  from  the 
specific  heat  of  air,  from  the  amount  of  heat  set  free 
from  the  particles  of  air  set  in  motion  during  the 
propagation  of  sound.  It  is  plain  that  this  <Ufference 
in  the  velocity  of  propagation  must  be  found  greater 
or  less  in  other  gasee,  which  for  equal  volumes  contain, 
and,  therefore,  give  out,  more  or  lesB  heat  than  air 
does  ;  and  it  is  easy  to  see  how  the  numbers,  which 
express  the  unequal  velocities  of  propagation  of  sound 
in  different  gases,  supply  at  the  same  time  a  measure 
for  the  unequal  quantities  of  heat  they  contain,  that 
is,  for  their  specific  heats. 

Now  sioce  the  acuteness  or  the  gravity  of  tones 
depends  on  the  nnmber  of  vibrations  of  a  sound-wave 
in  a  second — that  is,  on  the  velocity  of  propagation  of 
the  induced  motion — and  since  we  know  that  in  all 
^oses  the  velocity  of  propagation  of  the  sound-wave 
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la  directly  proportioned  to  the  nntnber  of  Tibrationa 
of  the  tonea  produced  bj  it,  we  are  thus  able  to 
explain  hoir  tbe  specific  beats  of  gaeea — that  ia, 
the  uDcqual  tunounta  of  beat  they  contain— may  be 
aacetiained  by  tbe  unequal  acuteaeas  of  tbe  tonea 
tbey  produce  when  forced  through  the  aame  organ- 
pipe. 

Tbe  great  discovery  that  musical  banuony,  that 
every  tone  that  melts  tbe  heart,  attunea  it  to  joy,  or 
inspirea  it  with  valour,  is  tbe  sign  of  a  fixed  and 
ascertainable  number  of  vibratioos  in  tbe  particles  of 
tbe  propagating  medium,  and  therefore  a  sign  of  all 
which,  according  to  the  doctrine  of  undulations,  is 
deducible  from  that  motion,  baa  raised  Acouatics  to 
the  rank  irhich  it  now  holda.  Many  truths  regarding 
musical  tones  became  deducible  from  tbe  doctrine  of 
undulation,  while  truths  empirically  obt»ucd  have  led 
to  a  corresponding  knowledge  of  the  properties  of 
fibrating  bodies,  formerly  quite  unknown. 

It  is  said  of  the  celebrated  violin  maker  of  Yieuna, 
that  be  selected  tbe  wood  for  bis  violins  in  the  forest 
with  the  aid  of  a  hammer,  and  chose  such  trees  as 
when  struck  yielded  a  certain  tone,  known  to  him 
alone.  This  is  no  doubt  a  fable  ;  but  not  the  slightest 
doubt  can  be  entertained  that  he  knew  that  the 
upper  and  under  board  of  a  good  violin,  make  a  cer- 
tain number  of  vibrations  in  a  second,  that  tbey  give 
&  peculiar  tone,  and  that  their  thickness  miist  be 
rernlated  accordingly. 

Finally,  if  we  reflect,  that  the  electric  current, 
pasung  through  a  wire  of  metal,  atands  in  a  fixed 
relation  to  the  magnetic  propertiea  which  the  wire 
acquires  ;  if  we  remember  that  the  finest  differences  in 
radiant  heat  may  he  measured  by  tbe  magnetic 
needle  ;  that  the  amount  of  electricity  set  in  motion 
may  be  expressed  in  numbera  by  the  same  needle, 
and  may  aUo  be  measured  in  cubic  inches  by  hydrogen 
gas,  and  in  weighta  of  metal ;  when  we  see,  that  the 
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causes  or  foroes  ou  whidi  depend  the  properties  of 
bodies,  their  power  of  acting  on  our  seDBei,  or,  in 
general,  of  producing  any  effect — th»t  these  caaseB  or 
forces  stand  to  each  other  in  an  ascertainable  relatioa 
of  dependence, — ^who  can  any  hing^  doubt  that  the 
vital  propertleB  of  bodies,  like  all  other  properties, 
obey  tbia  law  of  dependence  ;  that  llie  chemical  and 
physical  properties  of  the  elements,  thdr  form  and 
mode  of  arrangement,  ptaf  a  definite  and  aMcrtain- 
able  part  in  the  producticp  of  vital  pbeucweDa  ? 

The  mere  knowledge  of  cbemMsJ  farmnlie  is  not 
sufficient.  It  is  necessary  to  ascertain  the  laws  of 
the  relations  in  which  the  composition  and  fora  of 
the  food,  or  of  the  secretions  staiid,  t«  the  nutritive 
process,  or  in  wluch  the  o<anposttion  of  remedies 
stands  to  the  effects  which  they  produce  tai  the 
system. 

It  b  certain,  that  all  the  progress  made  by  this 
physiology  of  plants  and  animals  irom  the  (onie  of 
Aristotle  ta  the  present  day,  has  oolj  been  rendered 
feasible  by  the  progreBB  of  anatomy.  Just  as  that 
man  will  remain  in  the  dark  concerniog  the  manu- 
facture of  apirite,  who  sees  no  more  of  it  than  the 
masb,  the  £re,  and  the  stop~coek  from  which  the 
sjHrit  drops,  so,  in  truth,  without  an  acquaintance 
with  the  apparatus,  it  is  iaapossitde  to  have  an  insight 
into  the  process.  Kow  the  organism,  is  a  much  more 
cwnples  apparatus,  which,  before  all  dse,  requres  an 
Bccurato  knowledge  of  the  structsre  ef  all  the  indi- 
vidual parts,  before  we  can  form  a  judgment  con- 
cerning their  value  and  their  fanctious  eonsidered  in 
reference  to  the  whole  organism. 

But  we  must  never  forget  that  from  Aristotle  to 
Leuwenboek,  anatomy,  by  itself,  has  only  died  a 
partial  light  on  the  laws  of  the  vital  phenomena ; 
that,  so  to  speak,  the  knowledge  -of  Uie  dislillii^ 
apparatus  does  not  teach  us  its  object ;  that  the  sane 
holds  true  of  many  organic  processes,  as  of  distilla- 
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tiou.  where  he  whe  knowB  the  n&ture  of  fire,  the  laws 
of  the  diffusion  of  heat,  those  of  vaporisatioa,  the 
composition  of  the  must,  and  that  of  the  products  of 
its  distillatioD,  knows  infinitely  more  of  distiUatHni, 
not  only  than  ioet  he  who  is  aoquunted  Milf  with 
the  minuteat  details  ^  tJw  ^paratus,  hut  »)so  Htm 
does  the  coppersmith  who  made  it. 

With  every  new  discovery  on  anatonj,  our  descrip* 
tions  have  gained  in  precision,  aocuraey,  and  oompro- 
heaaiveoeas.  The  restJew.  spirit  of  research  has 
reached  tiie  cell,  the  foundation  of  organised  stnio- 
tures  ;  from  thia  elevated  point,  a  new  isTestigation 
nuiBt  begin. 

If  anatomical  knowlege  is  to  serve  for  the  solution 
of  a  physiological  question,  something  else  must 
neoessanly  be  JMued  with  it;  and  the  meat  oVioni 
addition  is  that  of  the  matter,  of  which  the  atmeture 
consists ;  of  the  forces  and  properties  which,  in  addition 
to  the  vital  ones,  it  poBsesses  ;  a  knowledge  of  the 
origin  of  the  substance,  and  of  the  changes  it  must 
undergo  in  order  to  acquire  vital  properties.  Finally, 
it  is  indSspensahle  to  the  relations,  in  whioU  all  the 
constituents  of  the  body,  fluid  as  well  as  solid,  inde- 
pendent of  their  form,  stand  to  one  another.  To 
many  physiologists,  Chemistry  alone  appears  enriched 
by  what  chemists  have  ascertained  in  regard  to  these 
aU  important  qoeations ;  although  these  results,  in 
Chemistrr  Proper,  hold  but  a  place  as  secondary  as 
those  which  the  analyses  of  minerals  and  of  mineral 
waters  have  yielded. 

From  the  erroneous  notions  entertained  of  the 
influence  of  chemistry  on  the  eiplanation  of  vital 
phenomena,  proceed  the  errors  that,  on  the  one  hand, 
some  estimate  this  influence  too  low,  whUe  some, 
on  the  otiier  hand,  raise  their  eipectations  irom,  and 
demands  on  it,  too  high. 

When  a  decided  relation  between  two  &ctB  exists, 
or  is  diflcorered,  it  is  not  the  boiinese  of  chemistry 
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to  prove  this  connection,  but  only  to  give  it  a  qnaDti- 

tatire  eiprcBBton  to  eipreaa  it  in  nambere.  By 
mimbers  alone  no  relation  can  be  established  between 
two  facts,  if  Buch  relation  do  not  really  exist. 

Oil  of  bitter  almonds  and  benzoic  acid  are  two  organic 
compounds,  altogether  distinct  in  their  mode  of  occur- 
rence and  their  properties.  A  few  years  ago,  a 
mutual  relation  betneen  them  was  not  even  suspected. 
But  it  wae  diacoyered,  that  the  volatile  oil,  exposed  to 
the  air  became  solid  and  crystalline,  and  that  the  new 
body  was  identical  in  properties  and  compoaition  with 
benxoic  acid.  It  was  now  certain  that  a  relation  sub- 
sisted  between  them.  Observation  proved,  that  in  the 
conversion  of  the  oil  into  the  acid,  oiygen  was  absorbed 
from  the  air,  and  analysis  fixed  the  change  which  takes 
place  in  the  shape  of  numbers,  and  thus  explained  it, 
as  far  aa  it  is  eiplunable  : — 

Oil  of  bitter  almoadB.  Oxjgfln.  B«DZoic  acid. 

Cj^HflO,     +     0,     =     Ci^HjO.. 

In  like  manner,  the  study  of  the  change  produced 
on  the  oil  of  potato  spirit  (amjlalcohol)  by  the  action 
of  oxidising  agents,  discovered  and  eipressed  in  nnm- 
bers  a  definite  relation  between  that  oil  and  valerianic 
acid,  previously  quite  unsuspected.  It  was  proved, 
that  these  bodies  are  related  to  each  other  aa  alcohol 
to  acetic  acid. 

Alcohol.  Oijgen.  Acetic  «id.  W»ter. 

C*  H,  0,    +    0^   =   C»  H»  0^    +    2  H  0. 

AmyUlcohoL  Oiygen.      Vderiuiic  Kid.  W«ter. 

C.oH:,,0,   +  0,  =  0,0  H,o  0,  +  2H0. 

Human  urine  contuns  urea,  often  also  uric  add  ; 
in  the  urine  of  some  classes  of  animals  uric  acid,  in 
that  of  others  urea,  is  absent.  With  the  increase  of 
uric  acid,  the  proportion  of  urea  diminishes ;  the  urine 


c.an:a(,GoOgk 


CHEMICAL  TEANSFORMATlONa.  276 

of  the  feetel  calf  contains  allaatoiofl  ;  in  humaa  urine, 
oxalic  acid  is  seldom  absent.  The  change  of  certain 
vital  operations  with  the  body  u  accompanied  hj  a 
oorresponding  change  in  the  nature,  amount,  and 
quality  of  the  componnda  secreted  hy  the  kidneys.  It 
is  the  duty  of  the  chemist  to  eipress,  quantitatively, 
the  observed  relations  in  which  these  compounds  Stand 
to  each  other,  and  to  the  process  going  on  in  the 
organism. 

By  analysis,  chemistry  first  fixes  the  qualitative 
meaning  of  the  words  urea,  uric  acid,  allantoine,  oxalic 
acid,  &e.  By  these  formuira  no  relation  between  them 
is  produced ;  but  when  their  characters  and  the  changes 
which  these  compounda  undergo  under  the  influence  of 
oxygen  and  water,  the  rerj  substances  which  take  a 
part  in  their  formation  or  alteration  in  the  organism, 
are  examined,  chemistry  attains  to  the  expression  of 
a  decided  and  unquestionable  mutual  relation.  By 
the  addition  of  a  certain  amount  of  oxygen  to  nrio 
acid,  it  is  resolved  into  three  products,  allantoine, 
urea,  and  oxalic  acid.  By  a  further  addition  of 
oxygen,  uric  acid  is  directly  transformed  into  urea  and 
carbonic  acid.  Allantoine  presents  a  composition 
which  may  be  regarded  as  that  of  the  urate  of  urea. 
The  comparison  of  the  conditions  discavered  hy  the 
chemist  to  determine  the  transformation  of  uric  acid 
into  urea  with  those  which  accompany  that  change  in 
the  organism,  leads  to  the  concluaion,  either  that 
these  conditions  (in  this  case  a  supply  of  oxygen  and 
of  water)  are  the  same  in  both  cases,  or  that  tbey 
differ.  If  thej  differ,  the  differences  yield  new  start- 
ing points  for  research  i  and  when  these  differences 
are  ascertained  and  reduced  to  their  causes,  tho 
process  is  explained,  as  for  as  chemistry  can  explain  it. 

Urea  and  uric  acid  are  products  of  the  transforma- 
tion of  the  nitrogenised  constituents  of  the  blood, 
under  the  influence  of  oxygen  and  water.  The  rela- 
tion between  the  nitrogenoua  bodies,  uric  acid,  and 
i2 
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urea  on  the  one  hand,  and  the  oxygen  of  the  bit  and 
the  elements  of  water  on  ihe  other,  the  quantitative 
conditions  of  the  changes,  are  expressed  bj  ohetnistry 
in  fonnnlffi,  and,  M  far  as  chendatrj  reaches,  tfaej  are  ' 
explained. 

It  is  endent,  even  to  die  uninitiated,  that  a  diSer- 
enoe  in  properties  hetween  two  lK>dies  depends  either 
on  a  diff^ent  arraDgement  of  the  elements  of  which 
they  consist,  or  on  a  quantitative  difference  of  con- 
position.  Chemical  formolie  express  both  the  different 
modes  of  amuigement,  so  far  as  diese  are  known,  and 
the  quantitative  variations  which  accompany  those  <J 
qaality.  Hodera  chemistry,  even  with  the  aid  of  the 
most  carefal  analysis,  cannot  fix  the  composition  of  an 
organic  body  with  certainty,  unless  a  tjnantitative 
relation  be  known  between  it  and  another  body,  the 
formuhe  of  which  is  ascertained  beyond  a  donht.  It 
was  only  in  this  way  that  ohemieti  were  able  to  fix 
the  fonnuin  of  oil  of  bitter  almonds,  and  of  oil  of 
potato  spirit  ;  and  when  simple  observation  does  not 
disclose  a  relation  between  two  bodies,  the  demist  is 
comp^ed,  bj  experiments,  to  create,  if  possible,  such 
relationa.  He  endeavours  to  resolve  one  of  the  bodies 
into  two  or  more  products  ;  he  examtnes  the  products 
obtained  by  the  action  of  oxygen,  or  of  chlonne,  of 
alkalies  or  of  acids,  and  thus  be  at  last  succeeds  in 
obtaining  one  or  taore  products,  the  oompoaition  of 
which  is  known,  and  their  fommlaa  discovered.  He 
now  connects  the  formnlee  of  the  body  under  examina- 
tion with  those  of  the  known  products  obtained  from 
it.  He  makes  oat  the  sum  of  the  whole  from  a  kitow* 
ledge  of  one,  several,  or  all  the  parti  of  which  that 
whole  cOBsists,  or  into  wluch  it  may  be  rcaolved.  Thu 
the  absolute  nwnber  of  equivalents  of  earbtm,  hydro- 
gen, and  oxygen,  in  a  moleeule  of  sugar,  cannot  be 
hxed  by  the  uialy»s  of  the  sugar.  The  dexterity  of 
a  chemist  gives  ns  no  proof  of  the  accuracy  of  his 
analysis  of  salicine  or  amygdaUne ;  but  augar  com- 


DETEEMINATION  OF  FORJiVLM.  277 

bines  with  oxide  of  lead  ;  it  is  resolved  by  fermenta- 
tion into  carbonic  acid  and  alcohol,  two  compouods, 
the  fonnulie  of  which  are  accuratelj  known. 

Amygdaline  is  resolred  into  hydrocyanic  acid,  oil  of 
bitter  almonds,  and  sugar  ;  salicine  yields  sugar  and 
saligenine. 

It  is  plain  that  when  the  weight  of  the  body,  and 
that  of  one,  two,  or  all  of  the  products  derired  from 
it,  as  well  as  their  formuls,  are  known,  the  number 
and  proportJOD  of  one,  of  two,  or  <^  all  Its  elements, 
in  other  words,  its  fortnulee,  may  be  deduced.  The 
result  of  analjHis  may  thus  be  confirmed  or  corrected. 

The  significance  of  chemical  formulie  will  now  be 
obvious.  The  true  formula  of  a  substance  eipresses 
tbe  quaBtitative  relations,  in  which  die  body  stands  to 
one,  two,  or  more  otbers.  The  formula  of  sugar 
expresses  the  sum  of  all  its  elements,  which  combine 
with  an  equivalent  of  oxide  of  lead  ;  and  it  alio  repre- 
sents the  sum  'of  the  weights  of  carbonic  acid  and 
alcohol,  into  which  it  is  resolved  by  ferm^itation.  We 
BOW  see  why  the  chemist  is  often  compelled  to  split 
op  into  numerous  products  the  subetances  whose 
composition  be  wishes  to  determine  ;  and  why,  also, 
he  studies  its  compounds  with  other  bodies.  These 
things  all  serve  to  control  his  analysis.  No  formula 
deserves  entire  confidence  when  the  body,  the  compo- 
sition of  which  it  proposes  to  represent,  has  not  been 
thus  examined. 

Let  us  illustrate  this  by  the  example  of  sugar. 
The  analysis  of  sugar,  often  repeated,  indicates  that 
it  cwitains,  for  every  equivalent  of  carbon,  one  equiva- 
lent of  hydrogen,  and  one  of  osygen.  But  this 
analyus,  however  accurate,  only  tells  us  the  relative 
properties  of  these  elements,  not  their  absolute 
amount  in  an  equivalent  of  sugar.  It  cannot  tell  us 
what  is  the  equivalent  of  sugar.  We  cannot  say 
whether    the   true  formda  of  augar   be   C    H    0, 
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Cj  H„  Og,   0^  H,  0^.   C„  Hg  Og.  C»  Ho  0,. 

Cij  ll_,4  0,j,  orany  othermultipleof  0  HO.  To 
ascertain  this,  ve  firat  study  ita  combinations,  and  Wfl 
find  that  sugar  combinea  with  oxide  of  lead.  The 
compound,  bdng  analysed,  ia  found  to  contain,  for 
one  equivalent  of  oxide  of  lead,  represented  by  the 
number  103*7,  a  weight  of  sugar  represented  by  the 
number  ISO,  a  number  much  exceeding  that  of  the 
weight  of  the  oxide  of  lead.  If  we  compare  this 
number  with  those  indicated  by  the  supposed  formule 
above  given,  among  which  we  could  not  before  fix  on 
the  right  one,  we  found  that  these  formule  (G  ^  6, 
H  =  I,  0  =:  8),  yield  respectively  the  Lumbers  15, 
30,  60,  90,  120,  and  180.  Assuming,  therefore, 
the  compound  of  sugar  with  oxide  of  lead  to  con- 
sist of  one  equivalent  of  each,  it  ia  manifest  that 
the  laat  formula,  C,j  H^^  0^  =  180,  ia  the 
right  one. 

We  next  proceed  to  study  the  products  of  the  de- 
composition of  sugar ;  and  we  find  that,  in  fermenta- 
tion, it  ^elds  no  other  producta  than  alcohol  and 
carbonic  acid,  the  formulie  of  which  are  known. 
That  of  alcohol  is  C,  Hg  0,  ;  that  of  carbonic  acid 
is  C  Oj .  And,  if  we  attend  to  the  quantities  of  these 
products  yielded  by  180  parts  of  sugar,  or  one  sup- 
posed equivalent,  we  find  that  180  grains  of  sugar 
yield  92  grains  of  alcohol  and  88  grains  of  carbonic 
acid.  Now  the  equivalent  of  carbonic  acid,  C  0,, 
is  ^  22  ;  88  grains  of  the  acid,  therefore,  correspond 
to  4  equivalents.  In  like  manner,  the  equivalent 
of  alcohol,  Cf  Hg  0^,  is  46  ;  so  that  92  grains  cor- 
respond to  two  equivalents  of  alcohol.  We  have 
found,  therefore,  that  if  the  formula  of  sugar  be  sup- 
posed to  be  C,j  Hj2  O.f,  1  equivalent  of  sugar 
yields  2  equivalents  of  alcohol,  and  4  of  carbonic 
acid  ;  and  if  we  add  the  formulee  in  that  proportion, 
the  sum  gives  the  formula  of  sugar. 
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Atcobol.  Ciubonic  acid. 

2{C,HflO,)  =  CsHj,  0,     4  CO,  =0^0^ 

2  «q.  alcohol.  Q  tq.  cvboaic  Kid.  1  eq.  ingu, 

CgHisO^       +     C^Og     =     C,,H,,0,g 

Our  formula,  as  deduced  from  the  oompoBition  of 
the  compound  of  sugar  with  oxide  of  lead,  is  there- 
fore confirmed  bj  the  study  of  the  producta  of  its 
decomposition  by  fermentation. 

There  ia  still,  however,  another  view  possible. 
Sugar  may  hare  the  formula  C^  Ilg  Og  ;  and  in  that 
case,  the  compound  with  oxide  of  lead  must  contain 
2  equivalents  of  sugar  to  1  equivalent  of  oxide  of  lead, 
whereas  we  assumed  it  to  contain  1  equivalent  of 
Bugar.  In  like  manner,  1  equivalent  of  sugar, 
Cg  Hj  Og,  will  yield,  on  fermentation,  1  equivalent 
of  alcohol,  and  2  equivalents  of  carbonic  acid. 

To  decide  this  point,  we  have  again  recourse  to  the 
study  of  the  products  of  decomposition  of  sugar.  We 
find,  that  when  exposed  to  a  certain  heat,  especially  in 
contact  with  bases,  it  loses  a  certain  amount  of  water, 
and  what  may  be  called  anhydrous  sugar  is  left.  Let 
US  suppose,  that  sugar  is  so  treated,  and  that  180 
parts  lose  27  of  water,  leaving  153  parts  of  anhydrous 
sugar  combined  with  the  base  employed,  from  which 
it  may  be  separated  and  again  caused  to  talie  up  the 
27  parts  of  water  it  had  lost,  it  is  obvious,  that  iu 
this  case,  the  formula  of  the  anhydrous  sugar  will  be 
C,j  Hg  Og  ;  whereas,  if  we  call  sugar  C^  H^  0^, 
the  anhydrous  sugar  will  be  C  6  H  4}  0  4},  an  impos- 
sible formula.  We  are,  therefore,  compelled  to  adopt 
the  formula  with  12  equivalenls  of  carbon  at  least  ; 
there  may  be  possibly,  2i  or  48  ;  but  there  cannot  he 
less  than  12.  If  wo  were  to  adopt  the  formula 
0^  H^  0,,  this  would  not  agree  with  the  results  of 
fermentation,  nor  would  C^  !!„  Og.  And  we  have  no 
reason  to  go  higher  than  0,^  "-n  ^ii>  ^hich  suffices 
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to  explain  &I1  the  facta  obaerTed.     We  conclude,  from 
this  Ust  experiment,  that  sugar  is  thus  comtituted : —  , 
Cia  H(,  0,  +  3  H  0  =  C,j  Hjj  O.J  ;  that  ia,  one 
equivalent  of  anhydrous  sugar,  and  3  eqoivalenta  of 
water."— (W.  G.) 

Some  modem  phyaiologiata,  forgetting  that  the 
knowledge  of  the  mutual  relations  of  two  phenomena 
must  precede  their  correct  eipreasiou  in  numbers, 
have  employed  chemical  formulEe  in  such  a  manner 
that  their  use  degenerated  into  mere  meBuinglcsa  play 
with  numbers,  in  their  hands.  Instead  of  searching 
for  the  expreasioD  of  a  relation  or  connection  of  de- 
pendence actually  existing  and  manifested  in  the 
phenomena,  they  endeavoured  to  exhibit  by  numbera 
relatJona  which  did  not  exiat  in  nature,  and  had  never 
been  obserred.  Bat  this  power  does  not  in  reality 
belong  to  numbera. 


LETTEB  XXn. 


It  is  not  uncommon,  in  ordinary  life,  to  meet  with 
viewa  and  opinions  concerning  natoral  proceasea,  of 
which  strict  science  girea  ua  no  information.  There 
are  phenomena,  the  existence  of  which  is  aaserted 
and  defended  by  many,  but  is  doubted  and  denied  by 
others.     Many  of  those  opinions  have  obtiuned   so 

*  The  Bliaie  illaitrmtion  it  nol  given  u  an  ibwlutetf  exact 
mccoDDt  of  whit  toksi  plus  ;  for  crjitiiliiod  csns-iagu'  Is 
<^i>H,,0,,=:C,,H,0,  +  2H0;BDd  in  fermnituioD  it  I^es 
up]  eq.  of  wBler,  forming  dry  gnpe-iugir;  C,,  H,,  0,,  +  H0 
=C,,H,,Oj,.  Ctjilsllisedgreije-«ug»ti«C,aH,,0,4!  tod 
in  IcmHTilBtian  it  loiei  2  eq.  of  wiiWr  ;  C,,  H,  ,0,,— 2  HO= 
C,,H,,0,a.  But,  to  avoid  confiulim,  I  baie  uaumsd  cuk- 
iog«  to  1)e  C,,H„0,a.— <W,  O.) 
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mncli  popularity,  that  even  men  of  science  are  shy  of 
.  expressing  their  well-founded  doubts  on  the  subject. 
Many  of  (he  opinioDS  published  by  the  admirers  of 
Phrenology  and  Uesmerism  belmg  to  this  class,  and 
contribute  not  a  little  to  render  these  dark  parts  of 
nature  still  more  obscure  and  unfotbomable.* 

In  the  following  pages  I  shall  try  to  submit  to 
examination  what  is  called  the  spontaneous  combus- 
tion of  the  human  body  ;  and  this  examination  may 
perhaps  serve  as  an  example  to  illustrate  the  method 
pnnued  by  science  in  similar  cases,  for  testing  the 
statements  made,  and  ascertain ing  the  truth. 
.  More  than  a  hundred  and  twenty  years  ago,  in 
1725,  the  remains  of  a  woman,  the  wife  of  an  inha- 
bitant of  Bheinui,  named  Millet,  were  found  burned  in 
her  kitchen,  about  eighteen  inches  from  the  open  fire- 
^ace.  Nothing  was  left  of  the  body,  except  scHne 
parts  of  the  head,  of  the  legs,  and  of  the  vertebrn. 
Millet  bad  a  pretty  servant  girl,  and  the  suspicion 
arose  against  him  that  he  had  murdered  his  wife.  A 
criminal  inquiry  was  instituted,  but  learned  experts 
acknowledged  spontaneous  combustion,  and  Millet  was 
pronounced  innocent.  This  is  the  first,  or  one  of  the 
first,  recorded  cases  of  the  so-called  spontaneous  com- 
bustion. It  is  easy  to  see  that  the  idea  of  spontaneous 
combustion  arose  at  a  time  when  men  entertained 

•  (Note  by  the  Editor.)— Althon^  I  eanrot  tell  to  whit  pir- 
^calu  riewK  the  Author  here  refen,  at  htiog  held  by  tho  admiren 
of  Phrenalogy  uid  Metcperism  ;  ;e^  u  one  long;  addicted  tolheie 
ideacn,  I  cannot  let  the  above  pusage  pass  without  erpreMing  mj 
Mmeet  hnpe  that  mjilluitrions  friend,  lUron  Liebig,  tli&;  be  induced 
to  tam  hi>  altentioii  to  both  tubjecta.  He  will  (hen  Hnd,  tint 
mltboDgh,  u  in  all  nuttfia,  npeo&llj  when  men  of  uience  hold 
■loo^  error  mif  have  crept  iu,  there  are  iictl,  )□  both,  worthf  of 
hil  moet  ierioua  coniide ration,  and  such  a«  will  itand  his  mott 
Hucbing  inicatigstion.  Aud  I  maj  remark,  that  it  caa  hardly  be 
i^d,  «tber  of  Phreaolog;  or  of  Menneriim,  that  men  of  science 
bave  hoitsled  to  eipm  well-fonnded  doubU  ;  at  leut  tbey  have 
been  ittij  enough  (o  eipreH  inch  ai  wen  ill-founded. — W.  G. 
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entirely  false  iiews  on  the  subject  of  combiuUon. 
its  essence,  and  its  cause.  What  takes  place  ia 
coinbuation,  generally,  has  only  been  knowa  for 
seventy  years,  that  is,  since  the  time  of  Lavoisier  ;  and 
the  conditJonB  which  must  be  combined,  in  order  that 
a  body  ahoutd  continae  to  bum,  have  only  been  known 
within  the  last  forty  years,  or  since  the  time  of  Davy. 
Since  that  first  case,  there  hare  occun'ed,  down  to 
the  present  day,  from  forty-five  to  forty-eight  cases,  of 
which  the  great  majority  agree  in  the  following  points: 
— 1.  They  took  place  in  winter.  2.  The  victims  were 
brandy  drinkers,  in  a  state  of  intoxication.  3.  They 
happened  where  the  rooms  are  heated  by  fires  in  open 
fire-places,  and  by  pans  of  glowing  charcoal,  in 
England,  France,  and  Italy.  In  Germany  and  Russia, 
where  rooms  are  heated  by  means  of  closed  stoves, 
cases  of  death,  ascribed  to  spontaneous  combustion, 
are  exceedingly  rare.  4.  It  is  admitted  that  no  one 
has  ever  been  present  during  the  combustion.  5.  None 
of  the  physicians  who  collected  the  cases,  and  at- 
tempted to  explain  them,  has  ever  observed  the  pro- 
cess, or  ascertained  what  preceded  the  combustion. 

6.  It  has  also  been  invariably  unascertained  how 
much  of  combustible  matter  was  on  the  spot.     And, 

7.  It  is  also  unknown  how  much  time  had  elapsed 
from  the  commencement  of  the  combustion  to  the 
moment  when  the  consumed  body  was  found. 

Tbe  descriptions  of  cases  of  death  from  spontaneous 
combustion,  which  belong  to  the  last  century,  are  not 
certified  by  highly  cultivated  physicians  ;  they  com- 
monly proceed  from  ignorant  persons,  unpractised  in 
observation,  and  bear  iu  themselves  the  stamp  of 
nn trustworthiness.  In  these  accounts,  it  is  usually 
stated  that  the  body  entirely  disappears,  down  to  a 
greasy  stain  on  the  floor  and  some  remains  of  bones. 
Every  one  knows  that  this  is  impossible.  The  smallest 
bit  of  bone,  in  the  fire,  becomes  white,  and  loses 
somewhat  of  its  bulk,  but  of  its  weight  there  remains 
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from  60  to  64  per  cent,  of  eartlij  matter,  cotnmonlj 
retaiaing  the  form  of  the  original  bone. 

In  a  very  few  caaea  it  is  not  known  whether  firo 
^m  without,  a  spark,  a  lighted  candle,  or  a  red-hot 
ooal.  may  not  have  caused  the  combustion. 

The  moat  learned  and  distinguished  phjsiciani, 
luch  as  Dupujtren,  Breschet,  and  professors  of 
medical  jurisprudence,  such  as  Devergie,  consider 
all  the  caaes  in  which  it  la  assumed  that  the  bodj 
alone,  without  an  external  cause,  such  as  a  candle,  a 
red-hot  coal,  or  a  spark,  has  begun  to  burn,  and 
continued  to  bum,  as  incredible,  unprored,  and  im- 
probable. Dr.  Franck  (Encjclop.  Worterbuch,  Berlin, 
184:3).  out  of  forty-five  oases  adduced  bj  him,  excepts 
three,  in  which  he  admits  this  to  have  taken  place. 

A  closer  examination  of  the  most  important  of  these 
three  caaes  will  show  what  is  to  be  thought  of  it.  It 
is  told  by  Battaglio,  a  surgeon  in  Ponte  Bosio,  (a 
surgeon  in  Italy  in  the  year  1787  may  be  considered 
as  equal  to  a  bather  or  rubber.) 

A  priest,  named  Bertholi,  goes  to  the  market  at 
Piletto,  to  transact  business  there,  and  lodges  with 
his  brother-in-law  in  that  town.  In  his  bed-room  he 
has  a  sackcloth  placed  between  his  shirt  and  his 
shoulders,  and  when  left  alone,  hetakea  himself  to  the 
reading  of  his  prayer-book.  A  few  minutes  later,  an 
unusual  noise  is  heard  in  his  room  ;  he  is  heard  to 
scream,  and  the  people  of  the  house  find  him  stretched 
on  the  floor,  surrounded  by  a  light  flame,  which,  as 
they  approach,  recedes,  and  at  last  disappears. 

The  skin  (epidermis)  of  the  right  arm  and  of  the 
surface  from  the  shoulders  down  to  the  loins,  was  found 
detached  from  the  flesh.  The  shoulders,  protected  by 
the  sackcloth,  were  not  injured  ;  the  sackcloth  itself 
flhowed  no  trace  of  fire  ;  on  all  the  injured  parts  the 
shirt  was  consumed,  and  everywhere,  where  the  dress 
was  not  burned,  no  injury  was  fomid  below  it.  The 
drawers  and  legs  were  not  affected  by  the  burning. 
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Dr.  Marc  (Diet,  dea  Sciences  MAI.  torn.  ti.  p.  85,') 
attache))  singular  importance  to  thU  case,  anddccUres 
that  it  sheds  light  generally  on  the  caase  of  the 
phenomenon  of  epontaneoui  combuition,  which  he 
thinks  must  he  sought  for  in  eleotricitj. 

This  case  is  one  chief  support  of  tJie  opinion,  that 
a  apontancotis  combustion  is  possible,  and  there  has 
been  attached  to  it  the  idea  of  a  tbtj  peculiar  fire, 
which  bums  animal  matter,  without  kindling  the 
BUTTonnding  objects.  Bat  neither  Uarc  nor  Franck, 
who  separBte  this  case  from  the  others,  mention  what 
IB  stated  b;  more  conscientious  and  accurate  observers, 
namely,  that,  before  the  combustion,  a  lamp  filled  with 
oil  was  in  tbe  room,  which  lamp,  after  the  event,  was 
found  empty,  and  its  nick  burned  to  ashes. 

If  we  reSect,  that  the  body  was  burned  only  where 
the  shirt  was  consumed,  that  no  marks  of  fire  appeared 
on  tite  other  parts  where  this  had  not  happened,  and 
farther,  that  the  skin  was  not  burned  or  charred,  but 
only  detached  (it  hung  down  in  ehreda)  from  tbe  body, 
whiletheahirtwasentirelyburned  and  reduced  to  Bsbea, 
it  is  quite  impossible  to  admit  that  the  kindling  and 
combustion  of  the  shirt  were  caused  hy  tbe  akin,  whidi 
yet  did  not  itaelf  bum ;  and  no  other  explanation 
remains  hut  tbat  the  shirt  bad  caught  fire,  and  that 
the  bmns  or  wonnds  were  tbe  results  of  its  very  super- 
ficial combustion.  The  presence  of  the  lamp,  which, 
as  the  disappearance  of  the  oil  proves,  had  horned, 
removes  every  doubt  as  to  the  origin  of  the  fire. 

With  respect  to  the  peculiarities  which  have  some- 
times been  noticed  in  cases  of  so-called  spontaneous 
combustion,  namely,  that  snhstancM,  naturally  com- 
bnstible,  do  not  take  fire  from  contact  with  the  burning 
human  body,  which  again  led  to  the  conclusion  of  a 
peculiar  kind  of  fire,  different  from  ordinary  fire,  the 
report  of  Battaglia  exhibits  a  striking  example  of  this 
kind.  He  relates,  that  the  priest  a  akull-cap  was 
entirely  consumed,  without  singeing  the  hair  in  the 
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sligbtest  degree  ;  and  he  adds,  tbat  he  certifies  this 
fact  as  thorougklj  true  and  established.  If  ve  aasume 
that  the  priest  had  the  skull-cap  on  hia  head,  nhich 
Battaglio  obTiously  agsutnea  (for  had  the  cap  been  on 
a  chair,  and  there  homed,  the  fact  of  the  Lair  not 
being  singed  would  certainly  have  excited  no  wonder), 
then  we  muat  Texard  this  a*  an  accidental  circum- 
Rtance,  from  which  no  one  will  conclude  that  it  waa  a 
peculiar  kind  of  fire  which  coneumed  the  cap.  What- 
erer  may  have  been  the  Btate  of  health  or  diaeaae  of 
the  priest,  it  ia  certain  tbat  the  skull-cap  did  not  share 
in  this  state  of  health  ;  it  was  not  diseased,  and  had 
ia  itself  no  cause  to  break  out  in  flames  ;  aor  if  it  did 
■0,  was  there  any  reaion  why  the  flames  should  ecm- 
tain  a  fire  different  from  all  other  kinds  of  fire,  aii  of 
which  burn  hair. 

This  one  eiampla  may  serve  to  show  how  untrust- 
worthy are  the  three  solitary  cases,  in  regard  to  which 
it  is  assumed  that  comhustion  occurred  where  no  fire 
was  in  the  neighbourhood.* 

The  admission  of  the  spontaneous  taking  fire  of  the 
body,  and  of  its  consequent  combustion,  contradicts 
BO  greatly  the  known  laws  of  combustion  generallyt 
and  the  known  composition  and  quality  of  the  body, 
that  natural  science  has  bi^erto  taken  no  notice  of 
^e  statements  made  as  to  die  fact,  nor  of  their 
explanation. 

•  Tho  Kcond  example  ii  one  which  a  well-mfonneii  mm  can 
budi;  Tenture  t»  ropeit ;  for,  in  the  psrmo  to  whum  it  occurred, 
th«  fingen  of  the  right  huid  burned,  and  kindled  Ihe  trouKTS,  u 
*1*D,  by  contact,  the  fingen  of  the  left  hind.  This  fire  cootiaued 
to  burn  when  the  burning  puta  were  inimeraed  in  und,  and  could 
not  be  exiinfruished  by  water.  The  third  c*>e  occurred  to  a 
cletgcmra  in  America,  who  fell  in  the  left  leg  a  pricking  (sin,  at 
if  a  hur  had  been  torn  out;  he  then  aaw  at  tlie  >pot  a  imall  ligiit 
flame,  vhicfa,  nhen  covered  with  the  hand,  was  exlinguiahed,  and 
left  a  mark  or  hum,  three  quarters  of  an  inch  broad,  aud  thra« 
incJie*  long.  Here,  alto,  the  dothea  over  the  ipot  were  burned 
ttiMNgli,  hot  tbe  akin  Wai^ot  burned  ;  there  vts  not  eren  ■  hiittsr ; 
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With  regard  to  the  other  forty-five  or  forty-eight 
coses  of  death,  ascribed  to  spontaDeous  combustion, 
it  ia  not  supposed  by  the  writers  on  the  subject  that 
the  victims  took  fire  of  themselves,  buret  into  flames, 
and  were  burned  ;  but  these  writers  admit  that  an 
external  cause,  a  source  of  fire,  was  present.  They 
fMBnme  that  the  body  was  set  on  fire  by  this  fire,  but 
that  it  then  burned  on,  without  external  heat  con- 
tinuing to  act  on  the  body.  They  admit  that  the 
human  body,  in  itself,  is  very  difficult  to  hum,  but 
that  the  flesh,  skin,  and  other  parts,  in  consequence 
of  diseased  conditions,  caused  by  indulgence  in  ardent 
spirits  and  other  causes,  may  become  more  combus- 
tible ;  not  combustible  like  a  bit  of  wood,  which,  when 
kindled  and  laid  on  the  ground,  soon  goes  out,  hut 
like  a  bundle  of  straw  or  a  tallow-candle,  which,  once 
Bet  fire  to,  continues  to  hum  till  nothing  but  ashes  or 
charcoal  is  left. 

The  fact  that  some  one,  one  hundred  and  twenty- 
flve  years  ago,  expressed  the  opinion  that  human 
bodies  can  bum  in  the  way  just  described,  and  that, 
aince  that  time,  the  same  opinion  has  been  held  by 
some  concerning  forty-eight  similar  cases,  afl'ords  not 
the  slightest  proof  of  the  truth  of  that  opinion. 

There  are  historical  proofs  of  an  event:  for  example, 
that  in  this  town,  on  a  day  and  at  an  hour  described, 
a  person  has  been  found  dead,  and  burned.  But  there 
is  no  historical  proof  in  favour  of  the  opinion,  that 

the  ikin  ma  u  if  >cUed  off,  very  diy,  ud  of  >  dtrk  calouii 
(Oiirton,  Ainericu  Jouniil,  Not.,  1935).      Tbie  kind  of  ipon- 

but,  u  told,  it  retemblet  m  Yankee  T>ni,  >  joke  of  Uncle  Seth,  or 
of  Diiid  CiDcketl.  Oa  tbe  cue  of  tbe  KmpitreH  Udai,  iged  17, 
in  Huuburgb,  Devergie  remiirki  (Diet,  de  Med.  et  de  Cbir.,  t., 
376},  "  the  proceu  of  healiog  of  ths  bamed  pirtB  dntrori  all  tba 

Dr.  Fnmck  uyi  of  the  mat  sue  (Encycl.  WBrtarbnch,  vol.  mi, 
p.  £98),  tbnl  ho  ignw  witfa  KUhn  and  Devergie,  that  Heioi,  who 
vu  hyiterical,  had  deceived  the  deeeaaed  Pricks,  no  one  banag 
t»n  the  coiobiutiDD,- — J.  L, 
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this  persoQ  tool  fire  Bpontaoeoualj  ;  md,  in  like 
manner,  there  are  no  historical  proofs  of  the  truth  of 
the  opinion  that  there  eiietB  a  morbid  ebite  of  the 
hody,  in  cooaequence  of  which  it  aoquirea  the  com- 
hustibilitj  of  a  bundle  of  straw. 

To  admit,  as  true,  auch  opinioDB,  the  grouuda  on 
which  they  rest  must,  before  all  thinga,  be  recognised 
as  true  and  free  from  doubt,  and  the  facts  with  which 
these  grounds  are  connected  must  be  most  exactly 
ascertain  ed. 

To  demonstrate  the  truth  of  the  first  opinion,  not 
only  must  we  prove  that  it  is  poasibto  for  a  piece  of 
fleah  to  become  thus  combustible,  but  we  must  prove 
that  such  combustion,  when  it  occurred,  has  pro- 
ceeded from  the  flesh  outwards. 

With  regard  to  the  second  opinion,  it  must  be 
shown  that  a  morbid  state,  auch  as  is  assumed,  actu- 
ally exists  ;  and,  further,  that  the  persons  who  were 
burned  were  in  that  morbid  condition. 

Nothing  of  all  this  has  been  done.  No  one  of 
those  who  are  adherents  of  the  theory  of  spontaneous 
combustion,  or  who,  as  authors,  have  eadeavoured  to 
support  it,  haa  ever  occupied  himaelf  with  experiments 
to  learn  the  behaviour  of  animal  matters  in  the  fire, 
Mo  one  of  them  has  ever  in  his  life  observed  a  morbid 
state,  by  which  the  body  is  rendered  easily  or  quickly 
oomhus^ble.  No  one  of  them  can  tell  the  signs  by 
which  such  a  state  may  be  recognised. 

The  supporters  of  that  theory  say,  that  the  possi- 
bility of  spontaneous  taking  fire,  and  the  fact  of  spon- 
taneous combustion  in  living  or  dead  human  beings, 
is  not  refuted  by  all  that  modem  science  knows.  It 
is  not  their  business  to  explain  how  this  combustion 
is  effected  ;  they  merely  assert  that  it  does  take  place. 
They  aaj'  that  circumstaacoB  and  facts,  quite  unequi- 
vocal, iH  the  recorded  cases,  speak  in  favour  of  ihie 
view.  "How  many  phenomena,"  say  they,  "exist 
in  nature,  which  science  cannot  yet  explain  I     Ami 
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jet  these  phenomena  do  not,  on  thst  account,  cesso 
to  be  true.  How  rnanj  unknown  forces  mftjT  jet 
eziet,  of  which  modem  ChemiBtiy  has  not  eren  H 
presentiment  1  And  u  it  just  or  fair,  or  even  decent, 
to  reject,  off-hand,  the  testimony  of  so  many  men 
who  have  avowed  their  belief  in  spontaneous  combns- 
tioD,  and  to  claaa  them  with  liars  or  blockheads,  simply 
because  we  do  not  agree  with  them  ?  " 

All  these  remarks  are  no  such  grounds  as  are 
required  to  justify  an  opinion  ;  for  every  kind  of 
assertion  may  be  defended  by  sitnilar  statements,  if 
it  contradict  common  sense.  They  apply  to  all.  These 
reasoners  entirely  forget,  that  nobody  doubts  the  facts 
of  the  deaths  by  burning  in  these  cases,  any  more 
than  the  existence  of  a  number  of  unexplained  phe- 
nomena is  doubted.  The  fact  stands  sure  ;  but  the 
explanation  does  not.  Wkat  tfaej  assert,  is  not  tiie 
fact ;  this  fact  or  occurrence  is,  and  continues  to  be, 
true,  even  without  their  assertion  of  it.  Bat  not  so, 
that  the  death  occurred  in  the  way  imagined  by  tbem, 
and  can  only  be  explained  in  that  way.  It  is  a  fallacy 
to  say  that  they  do  not  tiT  to  explwn  the  fact ;  for 
they  do  actually  try  to  explain  it  by  asserting  that  ibe 
body  has  become  combustible  and  has  been  burnt,  of 
itself,  without  external  aid,  and  in  virtue  of  a  cause 
residing  in  itself.  But  to  comprehend  or  admit  this 
explanation,  we  must  obviously  ask  for  the  proofs 
which  support  it ;  and  when  it  appears  that  there  are 
no  such  proofs,  or  that  those  adduced  are  fallacious, 
that  is,  that  they  contradict  known  and  establidied 
truths,  we  cannot  admit,  as  true,  their  explanation 
of  the  fact  of  burning,  namely,  bow  and  iu  what  way 
a  man  takes  fire  spontaneously. 

When  a  physician  declares  that  a  man  bos  died  by 
saffocatian,  or  from  an  inflammation  of  the  lungs, 
this  presupposes  that  he  is  acquainted  with  the  acci' 
dent  or  the  disease  which  preceded  the  death  ;  or  he 
must,  after  death,   bare  recognised   the  signs  of 
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uphf  xia,  or  on  dissection  have  fonnd  those  of  inflam- 
mation. If  he  know  nothing  of  all  this,  it  ia  im- 
poBsible,  even  for  the  ablest  man,  to  form  an  opinion 
as  to  the  cause  of  death. 

The  opinion  that  a  man  can  bum  of  himself  ia  not 
fonnded  on  a  knowledge  of  the  circnmatancea  of  the 
death,  but  on  the  reverse  of  knowledge — on  complete 
ignorance  of  all  the  cauaea  or  condiUona  which  pre- 
ceded the  accident  and  caused  it. 

Let  us  suppose  a  man  ta  have  died  suddenly,  and 
a  number  of  circumstances  to  point  to  the  conclusitm 
that  he  has  been  poisoned.  A  legal  investigation, 
dissection,  and  chemical  search,  is  ordered ;  but  no 
sign  of  poisoning,  no  trace  of  poison,  is  found.  If 
now,  on  the  ground  that  more  than  »  hundred  years 
before,  a  poison  existed,  the  Aqua  Tofana,  with  which 
manj  men  were  poisoned — a  poison  which  causes 
death  and  elades  all  reBoarch,  leaTing  no  traces  of 
its  action  ;  if,  I  aaj,  the  experts  were  to  offer  this 
explanation,  that  the  absence  of  all  signs  indicating 
the  cause  of  death  showed  that  death  bad  been 
caused  by  this  Italian  poison,  what  would  a  reason- 
able man  say  to  such  an  opinion,  in  such  a  case  ? 
And  what  would  he  aay,  if  to  the  qnestion,  What, 
then,  is  the  Aqua  Tofana  ?  bo  received  the  answer 
that  DO  one  knew,  that  there  were  many  things 
which  we  did  not  know,  without  being  compelled  to 
doubt  the  existence  of  the  Aqua  Tofana  ? 

Those  who  assume  death  to  be  caused  by  spon- 
taneous combustion  place  themselves  exactly  in  the 
position  of  the  experts.  There  is  found,  in  a  room, 
a  woman  or  a  man,  dead,  and  burned.  The  experts 
are  ordered  to  make  a  report  on  the  case,  but  cannot 
discover  in  what  way  the  fire  occurred,  or  how  it  was 
propagated  in  the  body  ;  nor  can  they  give  any 
account  of  the  degree  of  the  burning  or  destructioa 
of  the  body  ;  and  since  for  more  than  a  century  cases 
very  similar  have  occurred,  in  which  it  was  suppoeed 
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to  be  tins  that  the  oombasUoD  ori^oated  oponta* 
neoiuly,  or  that  the  body  irae  set  fire  to  by  aji 
external  cause,  and  then  continued  to  bum,  they 
claBsity  the  present  caae  with  the  others,  and  explain 
it  in  the  same  way  aa  the  others  hare  been  explained. 

Because  they  could  not  discover  that  the  death  had 
been  caused  by  external  causes,  and  the  deatruction 
of  the  body  had  been  effected  by  burning  fuel  applied 
to  it ; — from  utter  ignorance,  therefore,  of  all  which 
preceded  the  death,  they  deduce  a  positive  cause,  for 
the  very  existence  of  which  all  proof  is  wanting  ; 
which  is  not  only  in  the  highest  degree  doubtful, 
but  which  also  contradicts  the  best  known  laws  of 
tlie  burning  and  of  the  combustibility  of  animal 
bodies. 

To  explain  an  occurrence  which  is  not  understood, 
they  fly  for  aid  to  a  cause  which  itself  is  not  under- 
stood. Instead,  therefore,  of  saying  that  the  case 
before  them,  for  want  of  sufficient  knowledge,  is 
unexplainable,  they  maintain  that  this  want  is  a 
proof  that  spoataneoua  combustjoo  has  taken  place  ; 
a  pfaenomeuon  which  also,  from  want  of  sufficient 
knowledge,  they  are  unable  to  explain,  but  which 
must  be  true,  because  similar  cases  have  been  bo 
explained  for  more  than  a  hundred  years. 

The  insufficiency  aud  error  of  such  a  conclusion 
hardly  requires  to  be  more  distinctly  pointed  out. 

The  authors  who  have  expressed  and  defended  the 
opinion,  that  spontaneous  combustion  exists  and  must 
be  admitted,  are  not  persons  who  bj  their  position 
and  their  occupation  were  so  placed  as  to  become 
intimately  acquunted  with  the  action  of  lire  on  animal 
bodies,  such  as  cooks,  male  and  female  ;  but  have 
usually  been  persons  who  had  no  opportunities  of 
practically  acquiring  this  knowledge. 

The  proofs  which  they  adduce  are  taken,  contrary 
to  all  the  rules  of  logic,  from  the  case  itself.  The 
death  and  destruction   of  the  body,   the    causa  of 
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which  IB  to  be  diBCOTered,  are  adduced  fts  proofs  that 
the  imagined  cause  is  the  true  one. 

By  the  existence,  thus  assuined,  of  spootaneous 
oombuetion,  the  cases  are  explained  ;  luid  these  same 
cases,  which  reall;  require  to  be  explained,  are  adduced 
as  proofs  of  the  existence  of  spoataneous  combustioD. 

As  another  main  argument  for  spontaneouB  com- 
bustion, is  adduced  the  fact,  that  in  the  majority  of 
cases  the  body. has  been  destroyed  or  consumed  in  such 
a  degree,  that  we  cannot  suppose  enough  of  fuel  to 
have  been  present,  eitemal  to  the  body,  to  produce 
the  actual  effect.  Consequently,  and  precisely  for 
this  reason,  an  internal  cause,  io  the  body  itself, 
must  have  contributed  to  the  result ;  that  is,  the  body 
must  hare  supported  the  combustion  hy  its  own  mass. 

With  respect  to  the  fuel,  assumed  to  have  heea 
present  in  insufficient  quantity,  this  is  a  very  insecure 
supposition ;  for  fire,  the  cause  of  death  by  buipiog, 
has  this  peculiarity,  that  it  consumes  the  fuel  or 
matter  which  supports  it,  so  that  the  fuel  does  not 
remun  unaltered,  like  the  knife  with  which  a  man 
has  been  murdered. 

We  cannot  therefore  possibly  judge,  after  the 
bnming,  how  much  fuel  has  been  present  before  it ; 
for  that  which  remains  is  only  a  part  of  the  whole  of 
the  fuel  which  has  acted  ;  and  it  is  precisely  that 
part  which  has  disappeared,  or  has  been  consumed, 
that  produces  the  effect. 

With  regard  to  the  writers  who  defend  the  theory 
of  spontaneous  combustion,  or  the  conscientiousness 
and  trust  worthiness  of  their  statements,  we  must, 
above  all  things,  consider  their  capacity  for  forming 
a  judgment.     To  have  this  capacity,   a  necessary 

Ererious  condition  is,  that  they  haTe  the  required 
nowledge.  They  must  know  what  oombustioa  In 
general  is  ;  and  what  takes  place  in  it ; — they  must 
have  obseired  the  cases,  and  must  really  have  had 
the  sincere  intention  of  inrestigatjog  the  process,  and 
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of  ascertaining  everything  that  can  asust  in  explaining 
tbe  occurrences,  without  an;  preconceived  opinion. 

When  we  apply  this  meuure  in  judging  of  the 
trust  worth  inesa  of  the  writers  on  spoutaneouB  com- 
bustion, of  all  that  they  assert  and  believe,  nothing 
remains  but  the  narration  of  a  death  or  of  a  number  of 
deaths,  by  burning.  I  have  already  mentioned,  that 
□ot  one  of  them  was  present  during  such  a  combos- 
tion ;  and  they  take  the  cases,  which  they  relate, 
either  from  unau  then  tic  ated  newspaper  notices,  or 
they  relate  tliem  after  other  narrators,  who,  like 
themselves,  have  seen  none  of  the  cases.  All  of 
them,  without  exception,  assume  the  existence  of 
spontaneous  combustion  as  true  ;  and  they  are  occu- 
pied, not  in  investigation  and  testing,  hut  in  showing 
how  the  occurrence,  which  of  course  they  did  not  see. 

These  circumstances  clearly  show  in  what  stage  of 
cultivation  these  men  stand,  and  how  little  qualified 
thej  are  to  give  a  valid  judgment  on  these  occur- 
rences. As  a  general  rule,  the  cases  narrated  by 
others,  unattested  as  to  the  mode  of  occurrence,  ore 
used  by  them  to  support  a  theory  imagined  by  them- 
selves. That  which,  in  the  stories,  favours  the  theory, 
is  brought  out,  and  all  that  opposes  or  refutes  it,  is 
either  passed  over  in  silence,  or  designated  as  secondary 
in  importance.  Thene  men  are  not  students  of  a 
natural  phenomenon,  striving  to  ascertaio  the  existence 
and  ^e  truth  of  spontaneous  combustion  ;  they  ore 
advoeates  for  the  opioion  or  theory,  that  spontaneous 
combustion  exists. 

We  cannot  wonder  that,  fifty  or  a  hundred  years 
ago,  therewere  distinguished  physicians,  who  believed 
and  defended  the  spontaneous  combustion  of  the 
human  body,  at  a  time  when  the  essence  and  nature 
of  combustion,  generally,  was  hardly  known ;  but  the 
modern  authors  who  defend  this  opinion,  are,  for  the 
most  part,  men,  whose  qualifications  for  judging,  or 
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irbose  powers  of  obserrfttioD,  and  whose  posseaaion  of 
the  neceBsary  knonledge,  are  not  proved  by  other 
genuine  geientific  Uboura  or  inTestigations  in  thetr 
department  of  acience,  and  whose  nunes  are  only 
known  becauee  they  have  appeared  aa  defenders  of 
the  opinion  in  questjon. 

The  distinct  and  unhesitating  way  in  which,  in 
many  works  on  medical  jurisprudence,  the  known 
cases  are  related  and  tlie  different  theories  of  spon- 
taneous combustion  are  explained,  has  had  the  bad 
effect  of  inducing  many  weU-ioforined  practicB)  physi- 
cians, contrary  to  tbeir  better  conviction,  to  allow 
spontaneous  combustion  to  pass  for  established  truth, 
and  not  to  contradict  the  statements  and  opinions  of 
the  supporters  of  that  tlieory,  in  order  to  avoid  being 
r^arded  as  heretics  in  medicine. 

Every  one  uow  knows  that,  when,  in  these  days,  a 
man  is  accused  of  having  poisoned  another,  above  all 
and  before  all,  the  poison  must  be  detected,  and  it 
must  be  proved  that  the  accused  has  used  this  poison 
to  accomplish  his  criminal  intention.  In  times,  in 
which  the  means  of  detecting  poisons  with  the  greatest 
certainty  were  not  yet  known,  the  rack  was  used  to 
make  the  discovery.  It  is  hardly  necessary  to  remind 
you,  that  this  instrument  was  employed  with  so  much 
success,  that  thousands  of  human  beings  confessed 
that  they  could  exercise  sorcery  and  witchcraft.  The 
stake  no  longer  stands  ready  for  sorcerers  and  witches, 
not  because  it  has  been  proved  that  there  are  no 
witches  or  sorcerers,  but  because  the  enlightened 
study  of  nature  has  succeeded  in  demonstrating  that 
all  the  things  of  which  these  unfortuDate  victims  of 
ignorance  and  superstition  were  accused,  must  be 
ascribed,  not  to  the  devil,  but  to  natural  causes. 
These  thousands  were  judicially  murdered  on  the 
eeaffold,  or  at  the  stake,  by  the  advocates  of  the 
opinion,  that  sorcery  and  witchcraft,  ag  the  resutli  of 
a  compact  with  iJu  evil  one,  are  possible  and  really 
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exiet.  Bat  irlien,  at  &  later  period,  tlie  reaeona  for 
this  opinion  were  inquired  into,  and  all  the  facts  on 
which  it  rested,  accurately  and  conscientiously  ex- 
amined and  tested,  it  appeared  that  everything  which 
appeared  to  support  the  popular  opinion  rested  on  false 
or  fallacious  obaervations — on  fallacious  explanations 
— 'On  error — or  on  deliberate  falsehood. 

Precisely  so  is  it  with  the  other  reasons,  collected 
from  experience  or  from  science,  with  which  the 
defenders  of  the  theory  of  spontaneous  combustion 
strive  to  support  it,  and  to  prove  or  render  iutelligibla 
the  supposed  process.  The  reasons  derived  from 
experience  are  in  part  true,  but  do  not  apply  to  the 
cases.  Those  taken  from  science,  the  so-called  theo- 
retical reasons,  are,  without  exception,  fallacious,  and 
also  fail  to  explain  the  cases. 

Thus,  for  example,  a  butcher  in  Neuburg,  ninety- 
nine  years  ago,  had  on  oi  which  was  sick  and  much 
swollen.  When  opened,  there  flowed  out  of  the  belly 
an  inflammable  air,  which  was  kindled,  and  then 
burned  with  a  flame  Ave  feet  high.  The  same  thing 
was  observed  by  Morton  in  a  dead  pig,  by  Rujrsch 
and  Bailly  in  dead  human  bodies,  which  had  been 
BWoUon  in  an  extraordinary  manner  by  the  disen- 
gagement of  gases. 

Resting  on  these  facts,  the  adherents  of  the  theory 
of  spontaneous  combustion  assume  that  disease  may 
produce  a  state  of  body  in  which  a  combustible  gas 
is  disengaged,  which  accumulates  in  the  cellular  tissue, 
and,  when  kindled  by  an  external  cause,  by  a  flame, 
or  by  the  electric  spark,  effects  the  combustion  of  the 
body.  We  may  easily  perceive  that  the  conclusion 
has  no  connection  with  the  facts  on  which  it  ia 
grounded. 

1.  The  accumulation  of  gas  in  the  cellular  tissue 
has  only  been  observed  in  dead  bodies,  and  indeed  in 
such  as  were  far  gone  in  putrefaction  and  enormonely 
swollen.    Besides,  tlie  gas  did  not,  in  these  cases 
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escape  through  the.ekin,  till  a  cut  was  made  through 
skin  and  cellular i  tissue.  ,  LasUy^  .the.  gas,  indeed 
homed,  vheix .kindled,  but  the. .bod;  was . not.  thereby 
kindled ;  it  had  not  become  spontaneoifslj. combustible, 
or  indeed. CDoabustible  at. all,<  and  was>nat  hurued.. 

2,  In,  such  as '.are  supposed  to  .ha.Te  died  from 
spontaneous  combuBtion,  a  swollen  state,  ..such  as  is 
caused  by  accumulation  of  ^ift,  has  nererbeenobserred; 
hut  they  were  perfectly  healthy. . 
.  The  eiplanatjon  in  qnestiMi  is,  therefore,  ohriously 
entirely  untenaUe. 

Another  wiiter  assumes  that  in  certtun  diseased 
states  a  gas,  phosphuretted  hydrogen,:  is  produced, 
which  takes  fire  on  contact  withr  air ;  and  that  the 
spontaneous  and  easy,  combustibility:  of  the  body  must 
he ;  ascri.bed  to  this ,  rery  easily  and  ^ontaneously 
Gombastible,  substatice... 

There.e.iistB,  .indeed,  such  a  gas,  phosphuretted 
hydrogen,  which  takes  fire  iustantly  on  mere  contact 
with  air  ;  hut  this  gas  loses  that  property  by  a  short 
contact  with  gypsum,  charcoal,  paper,  oil  of  turpentine, 
ho,  ;  and  with  regard  to  its  presence  in  the  human 
body,  it  has  never  been  observed,  either  in  health  or 
in  disease,  nay,  not  even  in  the  putrefaction  of  dead 
bodies  ;  and  what  is  more  important,  the  human  body 
contains  no  phoephonia  in  sach  a  state  as  to  yield  by 
uiy  process,  during  life  or  after  death,  phosphuretted 
hydrogen  gas. 

The  fact  of  the  existence  of  phosphuretted  hydrogen 
is  undoubted  ;  but  its  formation  and  its  presence  in 
the  human  body  are  certainly  false  ;  no  observation 
whatever  speaks  in  favour  of  its  formation  there. 
This  gas,  again,  is  in  the  highest  degree  poisonous, 
as  much  so  as  arsenic  ;  and  its  presence  in  the  blood 
of  a  living  animal  is  quite  irreooncileable  with  tlua 
property. 

Others  again  aacHhe  the  assumed  easy  combusti- 
bility of  the  human  body  to  the  presence  of  an  unusual 
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proportion  of  fat,  or  to  the  ctrcumBtance  that  from  the 
abuse  of  ardent  epirita,  it  ia,  ae  it  were,  steeped  io 
spirits,  and  therefore  boms  like  a  candle  or  a  spirit 
iamp,  when  kindled  from  without. 

This  uotion  depends  on  an  erroneous  conception  of 
combustibility,  or  on  ignorance  of  the  conditiona  of 
combustion. 

We  cannot  render  a  substance  which  bums  with 
difficulty  easily  combustible  by  means  of  ooe  of  easy 
combustibility,  but  only  hy  removing  tlie  cause  which 
renders  it  difficult  of  combustion ;  or  by  increasing  its 
surface,  and  consequently  the  access  of  air,  which  ia 
indispensable  to  the  process. 

When  we  steep  a  sponge  or  clippings  of  paper  in 
brandy  or  spirits  of  wine,  and  kindle  the  latter,  the 
sponge  and  the  paper  are  not  found  more  combustible 
than  they  were  by  themselves.  The  Wndy  bums 
away,  and  then  the  paper  perhaps  takes  fire,  but  never 
till  all  the  brandy  has  been  burned  off,  and  then  not 
better  than  if  it  had  not  been  steeped  in  brandy. 
The  sponge,   under  these  circumstances,  does  not 

In  like  manner,  when  a  piece  of  flesh  is  thrown  into 
boiling  fat,  and  the  fat  is  kindled,  the  fat  bums,  but 
not  the  fiesh.  It  is  not  kindled,  and  does  not  continue 
to  burn,  even  when  the  fat  is  all  burned.  Flesh  is 
not  rendered  eaoly  cotnbnsdble  by  the  preaenoe 
of  fat. 

Every  one  knows  that  a  wisp  of  straw  hums  easily. 
The  cause  of  this  is  its  loose  texture,  in  consequence 
of  which  every  straw  is  surrounded  by  air.  But  when 
the  straw  is  chopped  into  small  pieces,  it  bums  with 
difficulty  ;  nay,  it  may  be  used  to  extinguish  a  fierce 
fire,  by  throwing  on  the  fire  so  much  chopped  straw 
as  covers  the  fuel  completely.  The  burning  body 
ceases  to  bum,  because  by  the  chopped  straw  the 
access  of  air  is  prevented. 

When  brandy  is  poured  over  a  plum  pudding  and 
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kindled,  the  brandy  buros,  bat  when  it  u  &U  conaumed, 
tke  puddiog  does  not  take  fire. 

Cotton,  which  when  loose  Ib  eaeily  eombuitible, 
heoomes  in  the  form  of  a  wiclc  difficultly  eombuitible 
in  an  oil  lamp.  It  is  bumed  and  eharred  only  where 
the  sir  has  access  to  the  wick. 

We  can  render  paper  clippings  or  sponge  easily 
combustible  by  steeping  them  in  solution  of  saltpetre, 
and  drying  them  ;  that  is,  by  a  substance  which  is 
not  itself  combustible.  But  we  cannot  do  this  by 
means  of  an  easily  combustible  substance. 

The  presence  of  brandy  or  an  excess  of  fat  cannot 
then  give  to  the  human  Ijody  an  easy  combustibility 
which  does  not  belong  to  it  naturally.  To  born  the 
body  in  that  state  fire  must  be  applied  from  without, 
and  must  continue  to  act  in  it,  after  the  brandy  and 
the  fat  are  consumed. 

Dry  animal  snbstance  such  as  fiesh  is  not  in  itself 
difficult  of  combustion  ;  indeed  up  to  the  charring 
point  it  is  easily  combustible,  as  may  be  seen  in  a  piece 
of  horn,  or  in  shavings  of  horn.  Even  bones  may  be 
kindled  by  a  small  fire,  and  will  then  continue  to  burn 
if  placed  in  heaps,  without  further  application  of 
external  fire,  till  they  become  as  white  as  chalk,  being 
reduced  to  ashes.  Flesh  dried,  that  is  deprived  of 
the  greater  part  of  its  water,  behaves  exactly  as  horn 
does.  Tissues  and  membranes  also  when  dry  are 
easily  destroyed  in  the  fire.  All  these  substances 
become  difficult  of  combustion  in  consequence  of  the 
water  they  contain  in  the  freeh  state,  which  in  the 
flesh  and  other  soft  parts  amounts  to  75,  and  iu  the 
blood  to  80  per  cent.  The  water  is  contained  in 
these  tissues  as  in  a  sponge,  the  pores  of  which  are 
very  fine.  It  cannot,  as  is  well  known,  be  heated  in 
the  open  air,  even  by  the  fiercest  fire,  beyond  its 
boiling  point.  But  this  temperature,  212°  P.,  is  very 
far  from  high  enough  to  kindle  the  animal  matter  ; 
even  fat  requires,  to  kindle  it,  a  temperature  of  about 
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800°  F.,  about  fonr  timeB  higher  than  that  of  boiling 
water.* 

All  Buhstancee,  the  kindling  heat  of  which  lies 
bigher  than  212°  F.,  become  difficultly  or  rather  not 
at  all  CMnbustible  when  in  a  porous  form,  and  steeped 
in  water ;  for  so  long  as  water  is  present  the  com- 
btistible  body  cannot  bum,  even  in  the  fiercest  fire. 
Only  when  the  water  has  been  IxHled  off,  does  the 
temperature  of  the  substance  rise  higher,  and  at  the 
kindling  point  it  bursts  into  flame.t 

It  is,  therefore,  easy  to  see  how  even  the  preoenca 
of  fat  does  not  render  the  body  easily  C(»nbustible ; 
for  BO  long  as  it  retains  any  water,  tiie  fat  does  not 
take  fire,  because,  for  that,  a  higher  temperature  is 
required.  The  fat  melts  and  runs  out,  and  when  the 
heated  animal  parts  have  lost  their  water  by  evapora- 
tion tbey  would  be  kindled  and  burst  into  flame,  erra. 
if  no  fat  were  present.  Tbe  presence  of  fat,  since  it 
also  bums,  makes  the  flame  larger,  but  does  not 
render  tbe  flesh  more  combustible.  The  body  can 
only  he  rendered  rapidly  combustible  by  the  addition 
of  highly  oxidised  substances  ;  Ihus,  by  means  of 
nitric  acid,  cotton,  linen,  and  sawdust  become  so 
exceedingly  easily  kindled  and  so  very  combustible, 
that  they  may  be  used  instead  of  gunpowder. 

No  special  tlieory  is  required  to  enable  us  to  see 

*  No  one  cDBtidenwiille  of  egg  combiHtible ;  becaiiw  crerj 
one  knowB  tlut  the  water  which  renden  it  fluid  i*  not  combuitible, 
and  thu  burning  bodiei  are  eitinguiBhed  when  covered  with  naler. 

the  whole  wiler.  Now  the  witter  in  tuft  uiimal  tiunet  ii  in  the 
nina  atate  ai  in  coagvlated  albumen ;  and-  tbeiB  ]ATts,  from  con- 

t  Whea  wet  paper  ii  held  over  ■  tpiiit  flame,  the  paper  will 
not  bum  till  all  the  water  ii  diuipaled.  The  dry  parti  bum; 
thOH  which  arsitillwet  do  not.  The  paper  does  Dol  bum  on, 
becauae  the  heat  i>  not  infficient  to  irj  the  part  neareat  that  which 
fi  burning,  and  to  raiae  it  to  the  kindling  potst.  But  the  ewential 
condition  of  continued  burning  ii  tfau  the  burning  put  thall  gin 
to  the  ueil  the  neceuar;  tempenture. 
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that  the  fat  of  an  animal  body  exposed  to  the  fire, 
when  it  flows  into  the  fire  and  bums  there,  contri- 
butea  to  the  further  deBtmction  of  the  body.  The 
flame  of  burning  fat  of  course  acta  on  flesh  just  as 
does  tbe.fliune  of  burning  spirits;  and  every  one 
knows  that  with  the  latter  we  can  produce  the  same 
effects  as  with  wood  or  coale. 

In  the  living  body  one  circurastance  opposes  its 
being  set  fire  to  and  burned,  which  is  absent  in  the 
dead  body  ;  namely,  the  circulation  of  the  blood.  In 
a  piece  of  flesh  noted  on  by  fire,  the  fluids  which 
moisten  it  remain  where  they  are  till  evaporated;  but 
in  B  living  body  there  flows  through  all,  even  the 
minutest  ports,  a  current  of  blood  which  cauBea  this 
result,  that  the  heated  portiona  are  constantly  carried 
away  and  replaced  by  cooler  portions.  If  the  fire 
without  be  very  fierce,  a  reaction  takes  place  from  the 
blood,  consisting  in  a  flow  of  water  outwards  towards 
the  heated  point.  The  skin  is  detached  from  the 
subjacent  parts,  and  a  blister,  fuU  of  water,  is  thus 
formed.  So  long  as  the  current  of  blood  continues, 
the  body  may  be  injured  by  external  heat ;  but  it 
cannot  bun^  or  become  burned  or  charred,  till  the  cir- 
culation baa  ceased ;  that  is,  till  death  haa  taken 
place.* 

•  Many  of  the  Bdhfrmli  of  the  Ibeorr  of  ipootBneoui  combnilioii 
>dmi[  that  in  the  faulthy  lUIe  m  living  body  cannot  take  fire  of 
itHlf  and  bum  ;  Aej  aiaume  that  thare  eiiiti  a  marbid  stats,  in 
vhich,  Bi  producta  of  diaeaud  action,  compoundt  ue  formed  of 
much  greater  iafUiniwbilitj  than  ii  usuallj'  posMaied  bj  animal 
■nattcn.  Tbib  ii  a  mere  fancy,  nithout  «ien  the  ihadoi;  of  obaei- 
ratioD  to  support  it.  All  nitrogenoufl  bodiea  require  for  combuation 
a  higher  temperature  than  car^n  or  hydrogen.  It  la  a  peculiaritj 
of  Ihew  bodifiithat  by  containing  nitrogen  they  loaa  in  a  great 
meaanre  their  inflammability.  On  this  accauDt,  nitrogeniied  com- 
pounda  are  not  reckoned  Amoo^  combuatiblea.  AmmoDia,  a  eom- 
poDod  of  nitrogen  ani!  hydrogen,  ig  no  longer  combaatihle ;  it 
cannot  he  kindled  by  a  red-hot  body,  and  doei  not  burn.  Even 
phoephoruB,  in  the  phoaphurel  of  nitrogen,  loiei  its  inflammabilily. 
',  imajfiDB  a  nitrogeDiaed  body  vhioh,  by  tranaformatioa. 
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Spontaneoua  combustion  ia  a  living  body  is  there^ 
fore  abaolutely  irapoesible.  Eren  pho»phoriu,  a.  body 
BO  emiaeDtly  corabuetible,  loBes,  under  similar  ciroutn- 
stonoeB,  ita  combiutibility ;  as  when  it  ia  prepared  for 
matcbeB,  and  its  particles,  in  a  fine  Btate  of  dinaion, 
are  surrounded  bj  particles  of  water. 

That  eiceaa  of  fat,  or  tbe  presence  of  braody  in 
tbe  body,  is  not  tbe  cause  of  easy  combustibility  and 
does  not  render  tbe  body  easily  kindled,  is  most 
atrikiogly  demonstrated  by  tbe  fact,  that  hundreds  of 
fat,  well  fed  brandy-drinliers  do  not  bum,  when  by 
accident  or  design  they  come  too  near  a  fire.  It  may 
with  certainty  be  predicted,  that,  bo  long  aa  the  cir- 
culation continues,  their  bodies  would  not  take  fire, 
even  if  tbey  held  a  hand  in  tbe  fire  till  it  waa 
charred. 

Tbe  most  remarkable  theory  ia  one  which  Bupposea 
that  spontaneous  combustion  ia  caused  by  electricity, 
or  by  the  electric  apark.  Muncke,  formerly  Frofeaaor 
of  Physics  in  Heidelberg,  says  on  this  point  in  Oehler's 
pbysikaliBcbes  Worterbucli,  vol.  x.  p.  262 : — "  In  these 
matters  electricity  must,  before  all  tbinga,  be  excluded 
from  tbe  explanationa  ;  {<«  nothing  determines  its 
increased  development,  and,  as  no  isolation  eiiata, 
thia  is  rather  to  be  regarded  aa  impossible  ;  and  we 
have  no  sucb  electrical  spark  as  is  required  to  kindle 
combustible  matter,"  The  theory  in  question  is 
founded  on  a  statement  made  by  the  traveller  Brydone, 
that  he  knev  a  lady  whose  bftir  became  so  eloctrical 

ifaould  field  campounda  mors  influnmiiblfl  tliui  lijdrogen,  nhich 
requiici  a  ted  htst  lo  kindle  It  id  Ihs  sir.  A  auai,  weighing 
1201ba.,hu>boul901b>.  of  vitei  in  bii  bodj.  If  v/e  lappau 
tfali  w&ler  ia  >  boiler,  Bad  the  solid  putt,  bonee,  fleib,  &c.,  to  be 
faunied  dry  under  it,  then,  even  admilling  ihut  they  ihould  lake  Gts 
tihea  healed  and  cootinue  to  bum,  like  wood,  tlie  heat  given  out 
b;  theircarbon  and  by  the  bydrogeu  nhicb  it  not  e;cpeUed  in  tbe 
form  of  ammonia,  it  not  euongh  lo  convert  inw  Ttponr  all  the 
mleiin  the  kettle. 
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bjr  combing  it,  that  whenever  it  wu  combed  sparks 
were  seen.  Another  fact  ia,  that  a  Beoator,  named 
BraytOD,  in  the  United  States,  observed  electrical 
sparks  when  drawing  off  his  stockings,  whether  of 
wool  or  of  silk.  These  facts  are  most  probably  tnie, 
(such  facts  are  of  eTerj-day  occurrence. — W.  Q.)  j 
but  the  use  made  of  them  by  the  defenders  of  Uie 
theory  of  spontaneous  combustion  appears  to  be  at 
least  absurd ;  for  the  property  of  hair  or  of  silk  to 
become  electrical  by  Mction,  belongs,  not  to  the  body, 
but  to  every  wig  aad  to  every  stocking.  The  elec- 
tricity does  not  proceed  from  the  interior  of  the  body, 
for  the  hair  when  cut  off,  or  the  stocking  when 
"removed,  equally  possess  it.  The  body  is,  on  the 
contrary,  the  greatest  obstacle  to  the  observation  of 
the  electricity  of  these  substances  ;  and  it  is  only  in 
rare  cases  that  the  skin  is  so  dry,  or  of  such  a  quality, 
that  the  hair  <»'  silk  become  electric  by  friction,  in 
spots  of  their  contact  with  the  skin.  This  property 
of  developing  electricity  has  never  been  observed  in 
the  body  of  persons  supposed  to  bare  perished  by 
spontaneoos  combustion,  either  before  or  after  death, 
and  when  sparks  have  occurred,  the  hair  or  silk  has 
never  once  been  set  fire  to. 

I  cannot  better  characterise  the  opiniooB  alluded  to, 
and  the  persons  who  regard  spontaneous  combus- 
tion as  an  historical  truth,  and  defend  it,  than  by 
quoting  the  theory  of  one  of  the  most  ancient  writers, 
F.  J.  A.  Strubel,  in  his  work,  "  The  Spontaneous 
Combustion  of  the  Human  Body,  with  especial  re- 
ference to  its  medico-legal  significance.  A  treatise, 
written  under  Prof.  Dr,  J.  Wilbrand,  Ordinary  Public 
Teacher  of  Medical  Jurisprudence  in  the  University 
of  Oiessen,  and  laid  before  the  medical  faculty  ibere. 
Oieseen,  1848." 

This  theory  !a  as  follows  : — On  the  ground  of 
Brydone's  observation,  he  proceeds — "If,  in  the 
human   body,    the   development  of  electricity,  from 
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whatever  cause,  i*  so  increased,  or  the  electricity  so 
accumulated  or  condensed,  that  it  is  discharged  out- 
irardB  in  sparks,  spontaneous  corobastjon  maj  occur, 
and  that  for  the  foltoiring  reasons :  the  electric  sparka, 
traTersing  the  body  in. all  directions,  mu«t  not  only 
decompose,  to  a  greater  or  leas  extent,  the  water 
which  constitutes  four-fifths  of  .the  body,  but  must  also 
kindle  the  products  of  its  decompodtiou,  its  elements, 
oxygen  and  hydrogen,  whether  this  be.  caused  by  me- 
chanical compression  or  by  chemical  action,  a  point 
on  which  men  of  science  differ.  But  .oxygen,  when 
mixed  with  hydrogen,  and  kindled,  as  in  the  caees 
before  us,  produces  the  most,  intense  heat,  in  which 
the  diamond  is  easily  dissipated.  According  to  this' 
explanation,  that  which  formerly  appeared  most  mar- 
veUous,  namely,  its  extraordinary  rapidity,  the  short- 
ness of  the  time  in  which  it  takes  place,  is  at  once 
understood  ;  and  we  can  only  feel  surprised  if  the 
contrary  occur.  It  would  also  eipltun  how  the  &t  of 
the  body  may  be  set  on  fire,  and  continue  to  bum." 

This  theory  is  a  pattern  of  .its  kind.  Its  author 
has  not  the  remotest  conception  of  the  laws  of  the 
production  and  accumulation  of  electricity,  of  the 
conditions  of  the  formation  of  the  spark,  of  the  de- 
composition of  water  by  electricity.  It  is  sufficient 
here  to  observe,  that  when  electricity  decomposes 
water,  no  spark  ensues ;  and  when  a  spark  ignites  the 
gases,  water  is  formed,  and  not  decomposed  into  its 
elements.  But,  assuming  everything  to  happen  M  he 
imagines,  that  water  is  decomposed,  and  that  the  ele- 
ments, by  the  decomposing  agent,  are  again  converted 
into  water,  the  body,  by  the  kindling  of  the  gaseous 
mixture,  would,  in  leas  than  a  second,  burst  into  thou- 
sands of  fragments,  like  a  mortar  filled  with  gunpow* 
dor  ;  and  yet  it  would  not  burn,  in  spite  of  the  high 
temperature,  because  the  Whole  of  the  oxygen  is  at 
once  seized  by  the  hydrogen,  and  no  free  oxygen  re- 
mains for  the  combustion  of  the  body.     Oxygen  and 
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hjdrogen,  trhai  produced  by  the  electrical  decompo- 
utiou  of  water,  form  the  so-caJled  eiploure  gaa,  dia- 
tinguiahed  by  the  property  of  exploding  with  a  violent 
report  when  kindled.  A  hollow  ball,  of  small  eize, 
made  of  paper  or  of  awine's  bladder,  and  filled  with 
thiB  gaseous  mixture,  explodes,  when  kiudled  by  an 
electric  spark,  with  a  report  aa  loud  as  that  of  a  can- 
DOQ  ;  but  the  paper  and  the  bladder  do  Dot  take  fire 
nor  bum. 

With  respect  to  the  extroordinarj  rapidity  of  the 
sapposed  spontaneous  combustion,  this  is  a  mere  in- 
vention ;  for  in  the  cases  in  which  persons  have  been 
found  dead,  nothing  whatever  is  known  of  the  course 
of  the  accident. 

The  same  remark  applies  to  the  character  of  the 
flame,  which  is  said  not  be  eitin^ished  by  water. 
All  the  evidence  for  this  (rapidity  of  combustion  and 
inextinguiBbable  flame)  is  derived  from  one  case  which 
was  described,  not  by  a  physician,  not  even  by  a  sur- 
geon of  those  days,  nor  by  a  bather,  but  by  a  priest 
named  Boineau.  It  was  thatof  a  woman  of  eighty,  who 
drank  nothing  else  than  brandy.  She  began  to  bnrn, 
utting  on  a  chair,  and  burned,  although  water  was 
poured  upon  her,  till  all  the  flesh  was  conaumed.  The 
skeleton  alone  remained,  sitting  in  the  chair.  This 
case  is  related  in  a  letter  dated  the  22Dd  of  February, 
1749,  and  is  therefore  one  hundred  and  one  years  old. 
The  narrator  was  not  present,  and  did  not  Bee  the 
flame  ;  and  the  story  plainly  indicates  a  good  inten' 
tion  on  his  part, — ithat  of  inoculating  his  flock  with  a 
wholesome  terror  for  brandy-drinking.  This  eiplaina 
the  resemblance  between  the  flame  of  the  burning 
tippler  and  heli-fire.  The  chair,  which  had  not 
unned,  of  course  did  not  hum,  and  was  only  slightly 
singed  on  the  surface. 

The  notion  of  the  rapidity  of  the  combustion,  and 
the  peculiar  character  of  the  flame,  assumed  in  the 
remunlng  forty  or  fifty  cases,  rest  on  this  case  alone  ; 
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for,  in  all  the  othen,  the  people  were  found  buroed  to 
death,  who  had  been  seen  alJre  fire,  six,  or  tweWe 
hoare  before.  Nothing  more  le  known  of  these  casee. 
The  moBt  striking  proof  of  ignorance  of  the  laws  of 
combustion,  and  of  incapacity  to  form  a  judgment  <M 
the  cases  of  supposed  spontaneous  combustion,  in  the 
defenders  of  that  notion,  is  this,  that  thej  lay  the 
greatest  stress  on  circumstances  quite  insignificant, 
which  have  no  relation  to  the  question  ;  while  they 
regard  as  non-existeot  the  most  important  facts.  This 
is  the  case,  for  example,  with  the  Tapours,  smoke,  and 
Bmell  which  fill  the  room  in  which  burned  persons  are 
found,  and  the  viscid,  brown,  greasy  deposit  which  ia 
obserrled  on  the  furniture,  window-panes,  mirrors,  Ac. 
All  this  is  regarded  as  a  peculiarity  and  distinctive 
sign  of  spontaneous  combustion.  Now  this  deposit,  ae 
every  one  knows,  consists  of  solid  combustible  parti- 
cles, and  of  liquid  products,  formed  by  the  action  of 
heat  on  animal  and  vegetable  matters,  such  as  flesh, 
blood,  paper,  &c. ;  but,  of  course,  only  when  these 
particles  have  not  burned  ;  for  these  solid  and  liquid 
portions  are  yery  combustible,  and  their  non-combns- 
tion  depends  on  a  want  of  oxygen,  and  of  the  temper- 
ature necessary  for  their  taking  fire.  The  solid  parts 
of  smoke  are  called,  in  general,  SOOt  ;  the  liquid  parts 
are  called  tar.  The  deposit  on  the  furniture  and  win- 
dows is  a  thin  coating  of  animal  soot  and  tar.  Like 
these,  it  feels  greasy,  and  is  exactly  like  the  eoating 
which  is  at  first  formed  in  the  chambers  where  meat 
is  smoked,  and  which  covers  the  meat  itself.  With  a 
little  of  what  is  called  in  Qerman  "Glanzniss,"  or 
lustrons  soot,  which  is  a  kind  of  lamp-black  not  A«ed 
from  oil  or  tar,  when  mixed  with  water,  we  can  give 
to  glass  and  wood  the  same  eoating  ;  only  here  we 
see  the  strokes  of  the  brush,  which,  of  course,  are 
absent  when  the  deposit  settles  uniformly  on  ol^ects 
from  the  air.  Moreover,  among  the  products  of  the 
ac^Mi  of  heat  on  animal  matter,  is  a  compound  of 
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MilfJiHi'  (milpburet  of  ammotiiam),  which  randera  white- 
lead  paint  browB  or  black. 

These  products,  soot,  tar,  he.,  sre  formed  when 
heat  acts  on  combustible  anitoal  or  regetable  matters, 
which  do  not  bwn^  (as  in  the  drj  or  cleatfuctive 
diatillalion,  uid  in  the  making  of  Tegetable  or  animal 
tar],  and  are  an  irreustible  proof  that  the  parts 
«hieh  yield  them  have  Dot  nndeigone  comboation  ; 
for  had  they  done  bo,  and  had  aii  enough  been  pre- 
Bent,  they  would  have  been  cODBomed  ;  that  is, 
sntiretj  oxidised  ;  and  nothing  would  hare  remained, 
capable  of  forming  a  deposit  on  {^ass  or  iiimiture. 

It  IB  in  the  natnre  of  the  thing,  that  a  person 
who  has  now  and  then  amelled  FOS«-wster,  and  reinem- 
bers  its  odour,  shall  be  able,  in  many  cases,  to  dis- 
tinguish  rose-water  &om  ea«  de  Cologne ;  but  to 
assert  that  by  the  smell,  which  fills  a  room,  we  can 
tell  whether  it  arise  from  spontaneous  combnstioB  or 
not,  or  that  we  can  discover  whether  the  deposit  on 
the  furniture  ariaee  from  a  body  which  has  sponta- 
neously  taken  fire,  and  not  from  leather  {the  covering 
of  cases,  lie.),  paper,  wood,  bur,  clothes,  ke.,  all  of 
which  have  been  also  exposed  to  heat ;  and  this,  too, 
when  the  observer  has  never  had  aa  opportunity  of 
hectxning  acquainted  with  the  pecnliaritjes  of  the 
smell  or  the  deposit  from  a  body  which  has  really 
undergone  spontaneous  combustion,  if  such  peculiari- 
ties there  be,  and  consequently  without  a  recollection 
of  these  things, — goes  far  beyond  any  thing  that  we 
can  ask  a  man  of  sense  to  believe.  It  is  nothing 
short  of  an  insult  to  the  healthy  human  under- 
Btandiag. 

The  conclusions  to  which  the  theory  of  sprntaneous 
combustion  leads,  are  in  such  decided  contradiction 
with  all  experience,  that  the  explanation  offered  by 
the  adherents  of  that  theory  has  not  met  with  the 
smallest  acceptation  on  the  part  of  one  distinguished 
phyBician,  in  any  degree  acquiunted  with  the  natural 
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sciences.  As  long  as  medicine  has  existed,  no  case' 
hae  ever  occurred  in  which  a  married  couple,  at  the 
same  instant,  have  been  seized  with  inflammation  of 
the  lungs,  or  an;  other  disease,  and  in  which,  in 
both  man  and  wife,  the  disease  has  run  the  same 
course,  and  both  have  died  at  the  same  moment. 
How  many  improbable  auppositions  in  regard  to  the 
state  preceding  invasion  of  the  disease,  must  be  made, 
before  such  a  result  can  be  supposed  possible  I  Now 
the  adherents  of  spoutaneous  combuBtion  find  this 
quite  in  the  natural  order  of  things,  in  regard  to  the 
disease  or  morbid  state  which  precedes  the  combustion; 
for  they  relate  a  case  in  which  a  tailor,  named 
Lari?iere,  with  his  wife,  both  being  intoxicated,  after 
having  been  left  at  seven  in  the  evening,  were  found, 
at  eleven  next  day,  converted  into  a  shapeless  charred 
mass,  with  the  exception  of  some  fragments.  The 
man  who  can  ascribe  such  an  occurrence  to  disease, 
or  to  a  morbid  cause,  must  find  it  an  easy  task  to 
swallow  a  camel.  That  several  persons,  in  a  room 
where  the  vapours  of  burning  charcoal  accumulate, 
are  suffocated  at  the  same  time,  is  a  case,  unfortu- 
nately, which  only  too  often  occurs. 

The  adherents  of  spontaneous  combustion  regard 
it  as  a  peculiarity  of  that  process,  that  when  it  hap- 
pens, no  cry  for  help  is  heard  (obviously  because  the 
victims  are  dead  l)efore  they  are  burned).  This  is  just 
as  if  we  were  to  regard  it  as  a  peculiarity  of  burglary 
that  the  people  of  the  house  do  not  hear  the  noise 
made  by  the  thieves  in  entering  it.  Such  a  robbery 
only  succeeds  when  the  people  of  the  house  do  not 
hear  the  noise  ;  that  !s,  when  they  are  absent  or  - 
asleep  ;  and  of  course  a  man  can  only  be  burned  to 
coal  and  ashes  when  no  one  hears  hia  cries  for  help. 
If  people  were  near,  and  if  he  were  able  to  cry  for 
help,  he  would  not  be  allowed  to  be  burned  to  death. 

It  has  been  concluded,  from  the  fact  of  no  cry 
being  heard,  that  the  death  is  not  only  rapid,  but 
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p&inless ;  and  in  this  caae  we  can  odIj  wonder  tbat 
such   a  pleasant  death  is  not  desired  for  all  good 

Christiaiis,  since  all  must  die  of  some  disease,  and 
^ontaneous  combustion,  on  this  theory,  is  a  disease, 
^though  an  unusual  one. 

In  order  to  eiplain  whj  a  particular  part  is  burned, 
it  is  of  course  always  assumed  that  the  seat  of  the 
disease  was  in  that  part  If  the  abdomen  and  intes- 
tines are  burned,  the  disease  was  in  the  beUy  ;  if  the 
head  and  neck  are  burned,  the  disease  was  in  them  ; 
and  it  was  in  the  arms  and  legs  where  they  suffered. 
Wherever  the  effect  appears,  the  cause  is  placed,  and 
the  presence  of  the  cause  is  explained  or  proved  by 
the  effect.     This  is  contrary  to  all  the  rules  of  logic. 

The  theory  is  so  elastic,  that  it  can  he  made  wide 
or  narrow,  just  as  we  require  it.  If  the  hum  is 
severe,  the  disease  was  severe  ;  if  the  bum  is  super- 
ficial, so  was  the  disease.  Two  square  inches  of  skin 
on  the  leg  are  diseased,  and  set  firo  to  the  trousers  ; 
but  all  round  this  spot  the  skin  is  quite  healthy,  as 
in  other  men.  If  unconsciousness  be  required,  it  is 
there  ;  but  if,  with  the  head  on  fire,  consciousness  is 
wanted  for  certain  actions,  it  also  is  there,  When  it 
has  been  ascertained,  as  far  as  such  a  thing  can  he 
ascertained,  that  the  person  burned  was  never  intoxi- 
cated, and  had  a  horror  for  brandy,  then  it  is  insinu- 
ated that  he  probably  drank  in  secret.  We  see  how 
error — and  this  theory  is  an  error — only  produces 
delusion,  contradictjons,  and  new  errors.  There  is 
only  one  path  to  the  truth,  crossed  by  a  thousand 
crooked  paths,  at  each  of  which  credulity  stands  to 
point  the  way.  Truth  has  it  rights,  which  cannot  be 
infringed  with  impunity  :  it  has  its  signs,  by  which 
every  unprejudiced  man  recognises  it. 

The  defenders  of  this  theory  explain  why  a  part  of 
the  clothes  on  the  burning  body  is  not  burned,  by  one 
cause  or  another  ;  it  is  a  peculiarity  of  this  phenome- 
non which  is   obserred.       And  when  the  burning 
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liody,  whieh  did  not  Bet  Gre  to  the  clothes,  sets  fire  to 
ft  bureau  or  e,  lofn,  this  is  explained  by  other  eauiea. 
The  clothes  are  burned  aboTe,  tm  the  breast,  and  there 
the  flames  acted  like  other  flames  ;  hut  below  the 
epigaslrium  the  clothes  did  not  hum ;  this  is  the 
result  of  the  peculiar  quality  of  the  flame ! 

It  is  impossible  for  any  one  who  was  not  present 
to  ejcplain  the  most  trifling  and  insignificant  speciali- 
ties in  such  cases  ;  and  to  demand  such  an  account 
of  these  is  foolish  ;  for  to  explain  them  presupposes  a 
knowledge  of  the  whole  occurrence,  and  that  is  un~ 
known.  Many  of  these  specialities  depend  on  causes 
which  are  never  again  combined,  and  which  are  on  that 
very  account  called  accidental.* 

From  what  has  been  said,  I  trust  that  the  reader 
will  he  enabled  to  appreciate  the  true  value  of  the 
opinion,  as  welt  as  of  the  cases  of  spontaneous  com- 
bustion ;  and  to  see  why  science  has  paid  no  regard 
to  such  a  theory,  destitute  of  every  shadow  of  foun- 
dation. 

The  close  relation  between  brandy-drinking  anddeath 
by  burning  is  so  obvious,  that  it  is  hardly  Deceasory 
further  to  allude  to  it.  In  the  case  of  a  person  in- 
toxicated, deprived  of  all  reflection,  and  incapable  of 
all  judgment  concerning  danger,  and  what  is  con- 
nected with  it,  we  may  suppose  any  proceeding, 
even  the  most  unlikely.  We  may  imagine  that  in 
this  atate  a  man  on  going  to  bed,  and  eitinguishiDg 
his  candle,  sets  fire  to  the  bed  and  curtains  ;  that  he 
goes  to  bed  in  winter  near  a  closed  stove,  and  with  a 

*  If  uy  ons,  ht  eiunple,  thnwa  &  rixpeon  into  the  ur,  it  mv/ 
hippeo  thu  il  f&llg  iato  b  chlok  of  Ihe  floor,  uid  preMnH  to  lu  it) 
edge,  and  ilandi  upright.  But  if  the  ume  penou,  in  the  ume 
room,  throws  up  the  nme  coin  m  hundred  thouiud  dmea,  it  nuj 
o«ur  thit  it  never  onm  bill  ints  the  chink,  uid,  even  if  thii  wen 
to  hqipen  a  million  of  timet,  it  might  nevor  fall  into  the  uiueipot 
of  the  chink.  We  Qwnot,  with  the  bat  ioteotioui,  bring  together 
the  condition!  neceatar;  for  thii  roult ;  the  coin  falli  on  uoxbet 
■pol.     Thii  kind  of  eveati  1>  alcribed  to  cllance. 
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pan  of  burning  cfaarcoal ;  or  ia  looking  for  a  boot- 
jack under  the  bed,  he  maj  leave  the  Ugbt  which 
he  nsed  standing  under  the  bed.  Innnmerable  Bup- 
poutione,  equally  probable,  Bufficie&tly  account  for 
the  breaking  out  of  fire  in  a  room,  in  which  there  is 
a  human  being  and  also  a  light ;  and  if  the  person 
be  Btiil  completelj  intoxicated,  the  danger  is  increased 
fa  the  same  proportion  aa  his  accountability  is  dimi- 
nished.  He  is  like  a  child  that  hag  no  idea  of  the 
action  of  fire.  Three  years  ago,  an  Dnfonunate 
child  crept  on  a  limekiln  to  sleep,  and  had  the  limbs 
burned  fnim  the  feet  upwards,  in  a  dreadful  manner. 
Such  is  the  true  relation  between  brandy-drinking 
aud  bumiag.  All  that  is  said  of  flames  from  the 
throat  of  drunkards  ia  entirely  false.  No  one  baa 
ever  seen  these  flames  ;  the  man  who  tells  the  story 
has  always  had  it  from  another  narrator  ;  it  is  only 
certain,  iJiat  compaasionate  street  vagabonds,  when 
they  find  a  man  dead  drunk,  often  employ  the  liquid 
that  drips  from  dunghills  to  eitinguish  the  internal 
fire,  against  which  it  is  said  to  bo  a  sovereign 
remedy.* 

Bxact  experiments,  made  with  this  object,  have 
proved  that  air,  saturated  with  the  vapour  of  alcohol 
at  blood  heat,  cannot  be  kindled,  and  does  not  bum 
with  flame. 

When  fire  occora  in  a  room  or  in  a  house,  the  pro- 
prietor and  the  insuranoe  companies  have  the  greatest 
iaterest  in  ascertaining  how  it  arose,  and  who  caused 
it.  In  most  cases,  this  is  not  ascertained,  because  he 
who  purposely  seta  fire  to  a  house  does  not  confess  to 

*  There  *re  few  worla  lued  in  to  tataj  hdih  u  the  word  "  io 
btvn."  Wa  buiu  DunelT«  io  a.  Huae;  die  injured  part  bono 
(subjeetiFely)  for  manj  honrt  mflerwards.  Brandy  bum)  with 
flBme,  but  il  also  burn!  in  the  mouth,  ud  when  we  drioic  it,  it 
burai  in  the  body.  A  hiwidy-driniter  diei ;  hii  iut  compliinl  WM 
«f  the  fire  in  hii  ioude ;  hence,  obvjau)! j,  haa  ariien  tha  notion  of 
kia  being  bumod  aJiTe  bj  the  biudj  in  hie  bedj.  j 
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doing  BO  ;  neither  doea  he  who  does  it  from  careleBO- 
nesB.  But  when  the  cause  remains  unknown,  no  one 
belieres  that  it  has  broken  out  spontaneouRly,  and 
without  the  aid  of  some  person.*  And  if  a  cat  be  found 
burned  to  death  in  the  room,  no  one  will  imagine 
that  the  fire  has  arisen  from  the  spontaneous  combus- 
tion of  the  cat,  or  suppose,  because  a  cat's  fur  some- 
times becomes  electric  hj  rubbing  with  the  hand, 
that  a  disease  eiists  among  cats,  by  which  they  bo- 
come  spontaneously  combustible.  Yet  this'suppou- 
tion  is  not  more  improbable  than  in  tlie  case  of  men. 
It  maj  be  said  that  cats  drink  no  brandy  ;  but  the 
defenders  of  the  theory  of  spontaneous  combustion 
admit,  that  spontaneous  combustion,  precisely  in 
those  cases  where  they  suppose  no  light  to  ba?e  been 
present,  and  the  body  to  ha?e  taken  fire  spontaneously, 
occurs  in  persons  not  addicted  to  ardent  spirits. 

In  cases  of  fire,  when  the  ioTestigation  is  extended 
to  all  those  who  had  access  to  the  place  where  it 
broke  out,  it  often  happens  that  the  incendiary,  or 
the  accidental  originator  of  the  fire,  is  discovered. 
Legal  medicine,  even  if  the  theory  of  spontaneous 
combustion  were  true,  which  it  is  not,  ought  not  to 
interfere  in  so  simple  a  proceeding,  justified  as  it  is 
by  experience,  until  all  other  probable  causes  of  fire 
have  been  excluded  ;  and  if  this  be,  notwithstanding, 
done,  those  who  so  act  deprive  legal  medicine  of  its 
proper  rights,  and  become  partakers  of  the  incendiary's 
guilt ;  they  protect  the  criminal  by  misleading  the 
investigation.  Tho  physician,  who  is  called  on  for  a 
judgment  in  such  cases,  can  only  say,  if  he  act 
according  to  duty  and  conscience,  in  what  state  the 
body  was  found, — whether  the  injury  from  burning 
took  place  before  or  after  death, — whether  death  was 

*  Eicqit  ia  cue>  where  muKB  of  chBTCoal  powder,  or  low  and 
cotton  iMeped  in  oil,  sa  often  hiippent  in  cErtiin  manubctoriec, 
m  wt  fin  la  bj  the  oiidiiing  tgeocj  of  the  atmo^ere. — W.  Q, 
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.eansed  by  fire  alone,  or  before  tbe  action  of  the  fire 
.by  other  cauBes, — Buch  as  wounds,  strangulalion,  a 
blow  on  the  bead,  &e.  In  no  case  ia  it  permitted  to 
him  to  explain  anything  he  has  not  seen,  by  cases 
which  he  has  also  not  seen,  or  by  a  theory  which  he 
cannot  understand. 


LETTER  XXm. 


The  disDOTeries  of  chemistry  in  the  domain  of 
physiology  have  in  recent  times  given  ub  unex- 
pected information  in  regard  to  many  of  tbe  most 
important  processes  in  the  animal  organism,  and  have 
led  us  to  clearer  views  concerning  those  things  to 
which  the  names  of  poisons,  food,  or  remedial  agents 
must  be  applied.  The  notions  of  hunger  and  of 
death  are  no  longer  confined  to  a  mere  descHption  of 
'  Bymptoms. 

It  is  now  ascertained  with  positive  certainty,  that 
All  the  substances  which  constitute  the  food  of  man 
must  be  divided  into  two  great  classes,  one  of  which 
serves  for  tbe  true  nutrition  and  reproduction  of  the 
Bolid  parts  of  the  animal  body,  whibt  the  other 
ministers  both  to  the  performance  of.  these  pro- 
cesses, and  also  to  quite  different  purposes. 

We  can  prove  with  mathematical  cert^nty,  that  as 
much  flour  or  meal  as  can  lie  on  the  point  of  a  table- 
knife  is  more  nutntious  than  five  measures  (about 
eight  or  ten  quarts  ?)  of  the  best  Bavarian  beer  ;  that 
a  person  who  is  able  daily  to  consume  that  amount  of 
beer,  obtains  from  it,  in  a  whole  year,  in  the  most 
&voarable  case,  exactly  tbe  amount  of  nutritive  con- 
BtituentB  which  is  contained  in  a  five  pounds  loaf  of 
J>read,  or  in  three  pounds  of  flesh. 
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The  entire  BubTenion  of  all  our  fonner  notioni  con- 
cerning th«  share  takea  bj  beer,  sugar,  Btarch,  &c., 
in  the  vital  process,  gfres  to  a  more  intimate  know- 
ledge of  the  recent  resaarches,  and  the  conseqnent)^ 
prevalent  riewa  on  this  sabject,  a  certain  degree  of 
interest. 

The  primary  conditions  of  the  mBintenance  of 
animal  life  are,  a  constant  supply  of  food,  that  is,  the 
stilling  of  hunger  ;  and  of  oxygen,  in  the  shape  of 
atmospheric  air,  that  is,  the  process  of  respiration. 
During  every  moment  of  life,  oxygen  is  absorbed 
from  the  atmosphere  in  the  organs  of  respiration ; 
and  the  act  of  breathing  cannot  cease  while  life 
continues. 

The  observations  of  physiologists  have  demonstrated 
that  the  body  of  an  adnlt  man  sufGciently  supplied 
with  food,  neither  increaeeB  nor  diminishes  in  w«ght 
during  twenty-four  hours,  and  yet  the  quantity  of 
oxygen ,  absorbed  into  his  system,  in  that  period,  is 
fery  conuderable.  According  to  the  experimeDts  of 
LaToiuer  and  of  Heniies,  an  adnlt  man  takes  into  bia 
system  from  the  atmosphere,  in  one  year,  no  less  than 
seron  hundred  to  eight  hundred  pounds  weight  of 
oxygen ;  and  yet  we  find  his  weight  at  the  end  of  the 
year  either  exactly  the  same,  or  differing  one  way  or 
other  by  at  most  a  few  pounds.  What,  it  may  be  asked, 
has  become  of  the  enormous  amount  of  oxygen  thus 
introduced  into  the  human  system  in  the  course  of 
one  year  ?  We  can  answer  this  questitm  satis- 
factorily. No  part  of  the  oxygen  remains  in  the  body, 
but  it  is  giren  out  again,  combined  with  carbon  and 
hydrogen.  The  carbon  and  hydrogen  of  CBrtain  parts 
of  the  animal  body  hare  combined  with  the  oxygen 
introdnced  through  the  lungs  and  skin,  and  have 
passed  off  in  the  forms  of  carbwiic  acid  and  yaponr  of 
water.  At  btcij  eipiration  and  every  moment  of 
life,  a  certain  amount  of  its  elements  are  separated 
from  the  animal  organism,  having  entered  into  coin. 
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bin&tim  with  tb&  oxygen  of  tho  atmo^faere,  in  the 
body  itself. 

In  order  to  obtam  a  bMie  for  an  approximste  Cftl- 
colatioD,  we  may  aseome,  tliat  m  an  adult  roan,  tbe 
wdght  of  the  whole  maaa  of  the  blood  is  twenty-foor 
pounds,  of  which  80  per  cent,  is  water.  Now,  from 
tiie  known  composition  of  the  blood,  we  know  that  in 
order  to  couvort  its  whole  amoimt  of  «arbon  and 
hydrogen  into  carbonic  acid  and  water,  there  is 
required  a  qnuutitj  of  oxygen,  which  i«  taken  into  the 
BTstem  of  an  adult  man  in  four  or  fire  days.  Whether 
tjie  oxygen  enters  into  combination  directly  with  the 
eleroentaofUie  blood,  or  with  ^eoubonand  hydrogen 
of  other  parts  of  the  body,  it  foUowa  ineritably — the 
weight  of  the  body  remaining  nnchanged  and  in  a 
normal  condition — ^at  as  much  of  these  elements  as 
will  suffice  to  supply  with  them  twenty-four  pounds  of 
blood,  most  he  taken  into  the  systein  in  four  or  fire 
days  ;  and  this  necesaary  amount  is  Atraished  by  ih& 
food. 

We  have  not,  howewr,  remained  satiified  with  meT» 
^poiimation  :  we  have  determined  accurately,  in 
certain  cases,  the  quantity  of  carbon  taken  daily  in 
the  food,  and  of  that  which  passes  out  of  the  body  in 
the  fteces  and  urine  confined — that  is,  uncombined 
with  oxygen  ;  and  from  these  investigationa  it  appears 
that  an  adult  man,  taking  moderate  exercise,  consntnes 
13^  ounces  of  carbon,  which  pass  off  through  the 
akin  and  lungs  as  carbonio  acid  gaa.f 

*  The  namb«n  juM  given  trs  Ae  ftTcn^  of  the  coDiDmptiaa 
df  Sfi6  loldien  in  bundu,  wbrno  (bod — bmd,  poUton,  fteab, 
pflAH,  teDtjla,  bam,  eveD  butter,  nit,  and  pepper — vu,  fbr  a 
monOi,  moit  ucnntely  weighed,  tmd  euh  uticle  subjected  to 
elementuy  inBlfBiB.  Three  [luiiddiieD,  who  had,  beudea  tbe  daily 
iDonnco  of  2  lb6.  of  bread,  id  additioii  of  S)  ibi.  fbt  each  period 
(^  pajment,  and  a  drummer,  who  had  a  like  allowance,  ware 
exoeptioni  to  the  avenge.  In  this  calcalation  is  not  included  tbe 
carbon  of  tbe  &eih  legetabliB,  orioBT  crDut,nor  that  of  the  portion 
of  food  taken  by  the  men  in  the  efeuiag  at  tho  pablic-hoiue. 
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It  requires  37  ouncea  of  oxygen  to  convert  13^^ 
of  carbon  into  carbonic  acid.  Again  ;  according  to 
tbe  analyeis  of  BouBBingauit,  (Annalea  de  Chim.  etde 
Phys,,  Ixi,  i.p.  136,)  «  horse  oonsumOB  79-^^  ounces 
of  carbon  in  twenty-fonr  hours ;  a  milcb  cow  70| 
ounces;  a  pig,  fed  with  potatocB,  21  ^  ounces.  So 
that  the  horse  requires  13  pounds  3^  ounces  ;  HiQ 
cow  II  pounds  10}  ounces ;  and  tbe  pig  about 
3i  pounds,  of  oxygen.* 

As  no  part  of  the  oxygen  ttiken  into  the  system  of 
an  BDimal  is  given  off  in  any  other  form  than  com- 
bined with  corboD  or  hydrogen,  and  as  in  a  normiJ 
condition,  or  state  of  health,  tbe  carbon  and  hydrogen 
so  giren  ofF  are  replaced  by  those  elements  in  the 
food,  it  is  evident  that  the  amount  of  nourishment 
required  by  an  animal  for  its  sapport  must  be  in  & 
direct  ratio  with  the  quantity  of  OKygen  taken  into  its 
system.  Two  animaU  which  in  equal  times  take  up 
by  means  of  the  lungs  and  skin  unequal  quantiUes  of 
oxygen,  consume  an  amount  of  the  same  food  unequal 
in  the  same  ratio.  The  consumption  of  oxygen  in  a 
given  time  may  be  expressed  by  the  number  of 
respirations  ;  it  is,  therefore,  obvious  that  in  the  same 
animal  the  quantity  of  nourishment  required  must 
Tary  with  the  force  and  number  of  respirations.  A 
child  breathes  quicker  than  an  adult,  and,  conse- 
quently, requires    food  more    frequently  and    pro- 

Accoriing  to  the  catiimtiDn  of  ■  Mijnnt,  each  man  daily  conaumet, 
on  an  anrage,  Z<a.  of  aauMgei,  )di.  of  tiutlir,  i  piai  of  bcBT,  and 
Vitth  of  a  pint  of  braud;;  the  csarbos  of  which  ia  mon  than  douhle 
tb\t  of  the  <acea  and  the  nrme  together.  The  ffficea,  on  an  aTerage, 
amount  daily  to  £'J  oz. ;  they  contain  75  per  cenL  of  water,  and 
the  dry  reiiduB  containi  4S'24  per  cent  of  carbon,  and  1316  per 
centofaidi.  lOO  parti  of  freih  focei  conUun,  Iberefons,  IMI  of 
carboii,  very  nearly  tho  aame  ai  an  equal  weight  of  Heib.  In  the 
above  calculation,  the  carbon  of  tlie  fitcee  and  nrine  lial  been 
aaiumed  u  equal  to  that  of  the  green  Tcgetablei  and  of  thoa« 
aitlclei  wbick  are  coniumed  in  the  evening  at  the  pnblic-houie. 
*  17|  ouacea=>  }  UtogrMnaie. 
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portionably  in  larger  quantitj,  and  bears  hunger  lees 
easily.  A  bird  depriTed  of  food  dies  on  the  third  day, 
while  a  serpent,  confined  noder  a  bell,  respires  so 
alovly  that  the  quantity  of  carbonio  acid  generated  in 
an  hour  can  scarcely  be  observed,  and  it  will  lire  three 
months,  or  longer,  without  food.  The  number  of 
respirations  is  fever  in  a  state  of  rest  than  during 
labour  or  exercise  :  the  quantity  of  food  necessary  in 
both  cases  must  be  in  the  same  ratio.  An  excess  of 
food,  and  a  want  of  a  due  amount  of  respired  oxygen, 
or  of  exercise,  as  also  great  exercise  (which  obliges 
us  to  take  an  increased  supply  of  food),  and  weak 
.organs  of  digestion,  are  incompatible  with  one 
another. 

But  the  quantity  of  oxygen  received  by  an  animal 
through  the  lungs  not  only  depends  upon  the  number 
of  respirations,  but  also  upon  the  size  and  expansion 
of  the  lungs,  and  the  rapidity  of  the  circulation.  The 
number  of  pulsations  in  a  given  time  gives  a  tolerably 
accurate  measure  of  the  Telocity  of  the  current  of 
blood  through  the  lungs,  although  it  cannot  tell  ua 
the  exact  quantity  of  thebloodfiowingto  them,  which 
depends  on  the  interior  size  of  the  oaritiea  of  the  heart. 
All  these  things  exert  a  decided  influence  on  the 
consumption  of  oxygen,  and  consequently  on  the 
amount  of  food  required.  Two  persons,  or  two  animals, 
with  a  different  number  of  pulsations  or  a  different 
volume  of  lungs,  consume.  In  like  circumstances,  a 
different  amount  of  food  ;  he  who  has  the  smaller 
lungs  consuming  loss.  If  both  consume  the  same 
amount  of  food,  it  may  happen  that  one  remains  thin, 
while  the  other  becomes  fat.  The  right  appreciation 
of  the  size  of  the  chest  gives  to  the  experienced  agri- 
culturist a  secure  means  of  judging  of  the  milking 
qualities  of  two  cows,  or  of  the  fattening  qualities  of 
two  oxen  or  pigs,  otherwise  similar. 

In  summer  the  air  is  not  only  wanner  and  less  dense, 
and  consequently  contuns  Iwa  oxygen  than  colder 
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air,  bnt.  it  contains  aqueous  vapour  ;  in  winter  it  ia 
nearly  drj.  Th«  space  occupied  hj  the  rapour  in  the 
worm  air  is,  in  winter,  filled  bj  air  ;  that  is  to  say, 
an  equal  volume  of  air  in  frosty  weather  contains  more 
oxygen  than  m  Bummer. 

In  like  manner,  tho  absolute  quantity  of  oxygen  m 
the  inspired  wlume  of  air  *ariea  with  the  height  of 
the  barometer.  At  the  level  of  the  sea  a  cubic  foot 
of  ur  contams  more  oxygen  than  the  same  volume  of 
air  does  on  high  mountains.     In  the  inhabited  elevated 

Slateaua  of  central  America,  at  tho  height  of  8000  to 
0,000  feet,  the  air  contains  in  aa  equal  volume 
nearly  one-third  less  osjgen  than  iu  the  deep  shafts 
of  the  Cornish  tin  mines.  But  these  variations  in  the 
density  of  the  air  from  temperature,  evaporation,  or 
pressure,  exert  no  perceptible  influence  on  the  quantity 
of  oxygen  taken  i^  by  the  blood  in  eveiy  second  <» 
time,  and  theref(H^  have  no  notable  effect  on  the  daUj 
amount  of  food  required. 

The  consumption  of  oxygen  is  entirely  depeadent 
on  the  respratory  motious  and  on  the  circulation  of 
the  blood  i  and  this  explains  the  influence  of  the 
exhausting  heat  of  trt^ical  climates,  and  the  greater 
consumption  of  oxygen  in  cold  air ;  the  fomwr 
diminiahing,  and  the  latter  increasing,  the  number 
and  depth  of  the  respirations. 

The  mutual  chemical  acti<Hi  of  the  constituents  of 
the  food  and  of  the  oxygen  conveyed  by  the  circulation 
to  all  parts  of  tho  body  is  the  tovme  of  tmimal  heat. 
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The  source  of  animal  beat,  its  laws,  and  the  influ- 
ence it  exerts  npoB  the  fnnctioas  of  the  aaiaial  bodjr, 
constilule  a  curioiu  and  highly  interesting  subject,  to 
which  I  would  now  direct  your  attention. 

All  living  creatures,  whoso  existence  depends  upon 
the  absorption  of  oxygon,  possess  within  themselTOs  a 
source  of  heat,  independent  of  Hurrounding  objects 

This  general  truth  apphes  to  all  animals,  and 
extends  to  the  seed  of  plants  in  the  act  of  germination, 
to  flower-buds  when  developing,  and  fruits  during 
their  maturation. 

In  the  animal  body,  heat  is  produced  only  in  those 
parts  to  which  arterial  blood,  and  with  it  the  oxygen 
absorbed  in  respiration,  is  conveyed.  Hair,  wool,  and 
feathers,  receive  no  arterial  blood,  and  therefore  lit 
them  no  heat  is  developed.  The  combination  of  a 
combustible  substance  with  oxygen  is,  under  all 
circumstances,  the  only  source  of  animal  heat.  In 
whatever  way  carbon  may  combine  with  oxygen,  the 
act  of  combination  is  accompanied  by  the  disengage- 
ment of  heat.  It  is  indifferent  whether  this  cisn- 
bination  takes  place  rapidly  or  slowly,  at  a  high  or  at 
a  low  temperature :  the  amount  of  heat  liberated  is  a 
constant  quantity. 

The  carbon  of  the  food,  being  converted  into 
caibonio  acid  within  the  Iwdy,  must  give  out  exactly 
as  much  heat  as  if  it  had  been  directly  burned  in 
oxygen  gas  or  in  common  air  ;  the  only  difference  is, 
the  production  of  the  boat  is  diffus^  over  unequal 
times.  In  oxygen  gas  the  combustion  of  carbon  is 
rapid  and  the  heat  intense ;  in  atmospheric  ale  it 


c.an:a(,GoOgk 


3ia  LETTERS  ON  CHEMISTRY. 

bums  slower  aad  for  a  longer  time,  the  temperatore 
being  lower. 

It  is  obvions  that  the  amouDt  of  heat  liberated 
niast  increase  or  diminish  with  the  quantity  of  oxjgen 
introduced  in  equal  times  by  respiration.  Those 
animals,  therefore,  which  respire  frequently,  and 
consequently  consume  much  oxygen,  possess  a  higher 
temperature  than  others,  which,  with  a  body  of  equal 
uze  to  be  heated,  take  into  the  system  less  oxygen. 
The  temperature  of  a  child  (102°)  is  higher  than  that 
of  an  adult  (99-5°).  That  of  birds  {104°  to  105-4°) 
is  higher  than  that  of  quadrupeds  (98'S°  to  1004^) 
or  than  that  of  fishes  or  amphibia,  whose  proper 
temperature  is  from  2'7°  to  3-6°  higher  than  fliat  of 
the  medium  in  which  they  live.  All  animals,  strictly 
speaking,  are  wann-biooded  ;  but  in  those  only  which 
possess  lungs  is  the  temperature  of  the  body  quite 
independent  of  the  surrounding  medium. 

The  most  trustworthy  obserrations  prore  that  in 
all  climates,  in  the  temperate  Eones  as  well  as  at  the 
equator  or  the  poles,  the  temperature  of  the  body  in 
man,  and  in  what  are  commonly  called  warm-blooded 
animals,  is  invariably  the  same  ;  yet  how  different  are 
the  circumstances  under  which  they  live  ! 

The  animal  body  is  a  heated  maes,  which  bears  the 
same  relation  to  surrounding  objects  as  any  other 
heated  mass.  It  receives  beat  when  the  surrounding 
objects  are  hotter,  it  loses  heat  when  they  are  colder, 
than  itself. 

We  know  that  the  rapidity  of  cooling  increases 
with  the  difference  between  the  temperature  of  the 
heated  body  and  that  of  the  surrounding  medium ; 
that  is,  the  colder  the  surrounding  medium  the 
shorter  the  time  reqmred  for  the  cooling  of  the  heated 

How  unequal,  then,  must  be  the  loss  of  heat  in  a 
man  at  Palermo,  where  the  external  temperature  is 
nearly  equal  to  that  of  the  body,  and  in  the  polar 
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regions,  where  the  external  temperatore  ia  from  70° 
to  90°  lower ! 

Yet,  notwithstanding  thia  eitremelj  unequal  loss 
of  heat,  experience  has  shown  that  the  blood  of  the 
inhabitant  of  the  arctic  circle  has  a  temperature  aa 
high  as  that  of  the  native  of  the  aouth,  who  lives  in  bo 
different  a  medium. 

This  fact,  when  its  true  significance  is  perceived, 
provea  that  the  heat  given  off  to  the  aarroundlug 
medium  is  restored  within  the  body  with  great  rapidity, 
Thia  compensation  must  consequently  take  place 
more  rapidly  in  winter  than  in  summer,  at  the  pole 
than  at  the  equator. 

Now,  in  different  climatea  the  quantity  of  oxygen 
introduced  into  the  system  by  respiratiou,  as  has  been 
already  shown,  varies  according  to  the  temperature 
of  the  ei.temal  air  ;  the  quantity  of  inspired  oxygen 
increases  with  the  losa  of  heat  by  external  cocJiug, 
and  the  quantity  of  carbon  or  hydrogen  neeeanary  to 
combine  with  this  oxygen  mast  be  increased  in  the 

It  ia  evident  that  the  supply  of  the  heat  lost  by 
cooling  is  effected  by  the  mutual  action  of  the  elements 
of  the  food  and  the  inapired  oxygen,  which  combine 
together.  To  make  use  of  a  familiar,  hut  not  on  that 
account  a  loss  just  illustration,  the  animal  body  acts, 
in  this  respect,  as  a  furnace,  which  we  supply  with 
fuel.  It  signifies  nothing  what  intermediate  forms 
food  may  assume,  what  changes  it  may  undergo  in. 
the  body  ;  the  last  change  is  uniformly  the  conversion 
of  its  carbon  into  carbonic  acid,  and  of  its  hydrogen 
into  water.  The  unsssiiuilated  nitrogen  of  tie  food, 
along  with  the  unbumed  or  unoxidised  carbon,  is 
expelled  in  the  urine  or  in  the  aolid  excrements.  In 
order  to  keep  up  in  the  furnace  a  constant  tempera- 
ture, we  must  vary  the  supply  of  fuel  according  to 
the  external  temperature  ;  that  ia,  according  to  the 
supply  of  oxygen. 
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lit  the  aaimal  body  the  food  is  the  fuel ;  with  n 
proper  mipplj  of  ozjgen  we  obtain  the  beat  given  out 
during  the  oxidation  or  combustion  of  that  fuel.  In 
winter,  wbea  we  take  esercise  in  a  eold  atmoapbcre, 
and  nben  conaequentlj  the  amount  of  inspired  ozjgen 
increaBes,  the  neceMity  for  food  containing  carbon 
and  hydrogen  increaseg  in  the  same  ratio  ;  and  by 
gratifying  the  appetite  thug  excited,  we  obtain  die 
mOHt  efBcient  protection  against  the  most  piercing 
cold.  The  oxygen  taken  into  tbe  syatem  ia  ^ven 
out  again  in  the  aame  form,  both  in  summer  and 
winter  :  we  expire  more  carbon  at  a  low  than  at  a 
high  temperature,  and  require  more  or  less  carbon  in 
our  food  in  tbe  same  proportion  ;  and,  consequently, 
more  ia  respired  in  Sweden  than  in  Sicily,  and  in  oar 
own  country  an  eighth  more  in  winter  than  in  summer. 
Even  if  an  equal  weight  of  food  is  conanmed  in  hot 
and  cold  climates,  Infinite  Wisdom  has  orduned  that 
-very  unequal  proportions  of  carbon  shall  be  t&kesi  in 
it.  The  fruits  used  by  tbe  inbabitauts  of  southern 
cbmes  do  not  contain,  in  a  fresh  state,  more  than  12 
per  cent,  of  carbon,  while  tbe  blubber  and  train  oil 
which  feed  the  inhabitants  of  polar  regiona  contain 
66  to  SO  per  cent,  of  that  element. 

From  tine  same  cause  it  is  comparatirely  easy  to  bo 
temperate  in  warm  climates,  or  to  bear  bunger  fw  a 
long  time  under  the  equator  ;  but  cold  and  bnngM' 
united  very  aeon  prodoce  exhaustion. 

A  starving  man  is  soon  frozen  to  death.  Tbo 
animals  of  prey  in  the  arctic  regions,  aa  every  oae 
knows,  far  exceed  in  voracity  those  of  the  torrid  zone. 

In  cold  and  temperate  climates,  the  air,  which  in- 
cessantly strives  to  consume  the  body,  urges  man  to 
laborious  efforts,  in  order  to  furaish  tbe  meana  of 
resistance  to  its  action,  while,  in  hot  climates,  the 
necessity  of  labour  to  provide  food  is  far  leas  urgent. 

Our  clothing  ia  merely  an  equivalent  for  a  certain 
amount  of  food.     The  more  warmly  we  are  clothed 
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the  less  urgent  becomes  the  appetite  for  food,  because 
the  loss  of  heat  by  cooling,  and  coueequentlf  the 
amount  of  heat  to  he  supplied  bj  the  food,  is  dimin- 

If  we  wore  to  go  uaked,  like  certain  savage  tribes, 
or  if  in  hunting  or  fishing  we  were  exposed  to  the 
same  degree  of  cold  as  the  Samoyedes,  we  should  be 
able  with  ease  to  consume  half  of  a  calf,  and  perhaps 
a  dozen  of  tallow  can<11ea  into  the  bargain,  daily,  as 
warmly  clad  travellers  hare  related  with  astonishment 
of  these  people.  We  should  then  also  be  able  to  take 
the  same  quantity  of  brandy  or  train  oil  without  bad 
effects,  because  the  carbon  and  hydrogen  of  these 
Bubstances  would  only  suffice  to  keep  up  the  equi- 
librium  between  the  extei-nal  temperature  and  that 
of  our  bodies. 

Accwding  to  the  preceding  expositions,  the  quan- 
•  tity  of  food  is  regulated  by  the  number  of  respiration s, 
by  the  temperature  of  the  air,  and  by  the  amount  of 
heat  giTMi  off  to  the  surrounding  medium. 

No  isolated  fact,  apparently  opposed  to  this  state- 
ment, can  affect  the  truth  of  this  natural  law. 

The  ooohng  of  the  body,  by  whateTer  cause  it  may 
.  he  produced,  increases  tho  amount  of  food  necessary. 
The  mere  exposure  to  the  open  air,  in  s  oarriage,  or 
cm  the  deck  of  a  ship,  by  increasing  radiation  and 
Taporisatien,  increases  the  loss  of  heat,  and  compels 
us  to  eat  more  than  usual.  The  same  is  true  of  those 
who  are  accustomed  to  drink  large  quantities  of  cold 
water,  which  is  given  off  at  the  temperature  c^  the 
body,  98'5°.  It  increases  the  appetite,  and  persona 
of  weak  constitution  find  it  necessary,  by  continued 
exercise,  to  supply  to  the  system  the  oxygen  required 
to  restore  the  heat  abstracted  by  the  cold  water. 
Loud  and  long  continued  speaking,  the  crying  of 
infants,  moist  air,  all  exert  a  decided  and  appreciable 
influence  m  the  amount  of  food  which  is  taken. 

The  unequal  loss  of  heat  in  summer  and  winter,  ia 
T 
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cold  and  hot  climateB,  is  not  the  only  cause  which 
Tenders  neceesary  unequal  quantities  of  food.  There 
are  other  causes,  which  exert  a  very  decided  influence 
on  the  amount  of  food  required. 

To  these  causes  belong  bodily  eiercise,  and  all 
kinds  of  bodily  labours  and  exertion.  The  consump- 
tion of  mechanical  force  in  the  body  is  alirays  equal 
to  a  waste  of  matter  in  the  body,  and  this  must  be 
restored  in  the  food.  When  a  man  or  an  animal 
works,  a  certain  amount  of  food  must  be  added  ;  in- 
creased work  and  effort  without  a  conresponding  in- 
crease of  food,  cannot  be  continued  for  any  length  of 
time  ;  the  health  of  the  man  or  animal  soon  gives  way. 

But  the  waste  of  matter  or  the  force  exerted  always 
Stands  in  a  certain  relation  to  the  consumption  of 
oxygen  in  respiration  ;  and  the  quantity  of  oxygen 
taken  up  in  a  given  time  determines,  in  all  seasons, 
and  in  all  climates,  the  amount  of  food  necessary  to 
restore  the  equilibrium. 

While  the  labourer,  in  winter,  with  equal  consurop- 
tion  of  force  and  of  oxygen,  is  compelled  to  obviate 
the  loss  of  heat  by  warm  clothing  (bad  conductors  of 
heat),  in  summer  he  is  bathed  in  perspiration.  If  the 
amount  of  food  and  that  of  oiygen,  be  equal  in  summer 
and  in  winter,  the  development  of  heat  is  also  equal. 

The  whole  process  of  respiration  appears  most 
clearly  developed,  when  we  consider  the  state  of  a 
man,  or  other  animal,  totally  deprived  of  food.  The 
respirations  are  unchanged  ;  oxygen,  as  before,  is 
taken  up  from  the  air,  and  carbonic  acid  and  water  are 
given  off.  We  know  with  certainty,  whence  the  cai^ 
bon  and  hydrogen  are  derived,  for  as  tlie  starvatitm 
continues,  we  see  the  carbon  and  hydrogen  of  the  body 
diminishing. 

The  first  effect  of  starvation  ie  the  disappearance 
of  fat,  and  this  fat  cannot  be  traced  either  in  the 
urine  or  in  the  scanty  fnces.  Its  carbon  and  hydrogen 
have  been  given  off  through  the  akin  and  lunge,  in 
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the  form  of  oiidised  products ;  it  is  obvioos  that  they 
hare  serred  to  support  respiration. 

In  the  caee  of  a  starving  man,  32^  oz-  of  oiygeo 
enter  the  aystem  daily,  and  are  given  out  again  in 
combination  with  a  part  of  his  body,  Currie  men^ 
tions  the  case  of  an  individual  who  was  unable  to 
swallow,  and  whose  body  lost  100  lbs.  in  weight 
during  a  month  ;  and,  according  to  Martell  (Trans. 
Linn.  Soc.,  vol.  li.  p.  411),  a  fat  pig,  overwhelmed 
in  a  slip  of  earth,  lived  160  days  without  food,  and 
was  found  to  have  diminished  in  weight,  in  that  time, 
more  than  120  lbs.  The  whole  history  of  hybernating 
animals,  and  the  well-established  facts  of  the  period- 
ical accumulation,  in  various  animals,  of.  fat,  which, 
at  other  periods,  entirely  disappears,  prove  that  the 
oxygen,  in  the  respiratory  process,  makes  a  selection 
among  the  substances  which  are  capable  of  entering 
into  combination  with  it.  It  combines  first  and 
chiefly  with  those  substances  which  have  the  greatest 
attraction  for  it. 

la  the  progress  of  starvatiou,  however,  it  Is  not 
only  the  fat  which  disappears,  but  also,  by  degrees, 
all  such  of  the  solids  as  are  capable  of  being  dissolved. 
In  the  wasted  bodies  of  those  who  have  suffered  star- 
vation, the  muscles  are  shrunk  and  unnaturally  soft, 
and  have  lost  their  contractility  ;  all  those  parts  of 
the  body  which  were  capable  of  entering  into  the 
state  of  motion  have  served  to  protect  the  remainder 
of  the  frame  from  the  destructive  influence  of  the  at- 
mosphere. Towards  the  end,  the  particles  of  the 
hiaia  begin  to  undergo  the  process  of  oxidation, 
and  delirium,  mania,  and  death  close  the  scene;  that 
ia  to  say,  all  resistance  to  the  oxidising  power  of 
the  atmospheric  oxygen  ceases,  and  the  chemical 
process  of  eremacausis,  or  decay,  coiumences,  in  which 
erery  part  of  the  body,  the  bones  excepted,  enters 
into  combination  with  oxygen. 

The  tune  which  is  required  to  canae  death  by  star- 


cGoogk 


124  LETTERS  ON  CHEMISTRT. 

TaUon  depends  on  the  amount  of  fat  in  the  IhmIj, 
on  the  degree  of  exercise,  m  in  labour  or  exertion 
of  any  kind,  on  the  tempenture  of  the  air,  and 
finally,  on'tbe  presence  or  absence  of  water.  Through 
the  skin  and  Innga  there  escapes  a  certain  qoiuitity 
of  water,  and  as  the  presence  of  water  is  essential 
to  the  continuance  c^  the  vital  motions,  its  dissi- 
patbn  hastens  death.  Coses  have  occurred,  in  which 
a  full  supply  of  water  being  Bcceesible  to  the  Bufferer, 
death  has  not  occurred  till  after  the  lapse  of  twenty 
days.  In  oae  cose,  life  was  sustained  in  this  way  fin" 
the  period  of  uzty  days. 

In  tnoet  chronic  diseases  death  is  produced  by  the 
some  cause,  namely,  the  chemical  action  of  the  at- 
mosphere. When  those  substances  are  wanting, 
whose  function  in  the  organism  is  to  support  the  pro- 
cess of  respiration ;  when  the  diseased  organs  are 
incapable  of  performing  their  proper  function  of  pro- 
ducing these  substances ;  when  they  have  lost  the 
power  of  traDsforming  the  food  into  that  shape  in 
which  it  may,  by  entering  into  combination  with  the 
oxygen  of  the  air,  protect  the  system  from  its  infln- 
ence  ;  then,  the  substance  of  the  organs  tbemselves, 
the  fat  of  the  body,  the  substance  of  the  muscles,  the 
nerves,  and  the  hrain,  are  unavoidably  consumed. 

The  true  external  cause  of  death  in  these  cases  is 
the  respiratory  process,  that  is,  the  action  of  the 
atmosphere; 

A  deficiency  of  food,  and  a  want  of  power  to  cob- 
Tcrt  the  food  into  a  part  of  the  organism,  are  botli, 
equally,  a  want  of  resistance  :  and  this  is  the  uegatiTe 
cause  of  the  cessation  of  the  vital  process.  The  flame 
is  extinguished,  because  the  oil  is  consumed  ;  and  it 
is  the  oxygen  of  the  air  which  has  consumed  it. 

Id  many  diseases  substances  are  produced  which  are 
incapable  of  assimilation.  By  the  mere  depnTation 
of  food,  these  substances  are  removed  from  the  body 
without  leaving  a  trace  behind ;  their  elements  have 
entwed  into  combination  with  the  oyigen  of  the  air. 
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From  the  first  moBiont  ttiiit  tha  function  of  tbe 
lnng«  or  of  the  skin  is  utem^ted  or  disturbed,  coiu- 
pouuds,  rich  in  carbon,  ^peu  to  -the  urine,  which 
KoquireB  a  brown  c«h)ur. 

Manj,  perhaps  moat,  chronic  diseaaeB  m  man,  are 
OKUHod  by  a  misproportion,  u*  a  disturbed  relatioa  of 
equilibrium  on  the  operations  of  the  digestiTe  and 
excretory  organs,  considered  with  reference  te  the 
langs.  Retaining  the  familiar  illustration  of  tha 
furnace,  every  one  knows,  that  the  accumulation  of 
Mot  in  the  chimney,  -or  the  throwing  on  of  an  exoew 
of  fuel,  interrupts  the  functions  of  the  fire-place  ;  that 
these  causes  act  as  would  a  stoppage  ef  the  grat« 
below,  through  which  tbe  air  has  access. 

In  the  macfaine  of  the  body,  so  infinitely  perfect, 
there  is  a  thoroughly  equal  relation  of  mutual  de- 
peadMice  between  the  lungs,  the  intestinal  canal, 
and  -the  kidneys. 

Eiperiesced  and  well-informed  physicians  have 
long  known,  that  the  kidneys  and  inlestlHes  are  the 
Isolators  of  the  respiratory  process.  The  lower 
intestine  is  an  organ  of  secreticm  ;  it  is  tbe  chimney 
of  the  organism.  Tbe  fetid  constituents  of  the 
excreta  are  the  soot,  separated  from  the  blood  by  thii 
intestine  ;  while  the  urine  contains  those  constituents 
of  the  smoke,  so  to  apeak,  which  are  soluble  in  water, 
or  in  alkaline  or  acid  liquids.  The  notion  that  the 
solid  excreta  consist  of  putrescent  matters,  and  that 
their  fetor  depends  on  this,  is  quite  erroneous.  Expe- 
riments on  this  point  have  proved  that  the  solid 
excreta  of  the  cow,  horse,  and  sheep,  and  of  healthy 
men,  are  not  putrescent.  No  putrescent  substance 
has  a  smell  similar  to  that  of  these  excreta  ;  and  all 
these  fetid  products  may  be  artificially  produced,  in 
bU  their  nauseous  peculiarities,  by  processes  of  partial 
oxidation  applied  to  albumen,  fibrine,  iie.  The  urine 
of  the  horse  and  cow,  moreover,  cMitaius  a  substance 
in  considerable  quantity,  which,  when  acted  on  by 
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acids,  yields  a  pitchy  matter,  quite  similar  in  its 
aspect  to  tar,  and,  as  the  most  remarkable  product,' 
carbolic  acid,  or  hydrated  oxide  of  phenyle,  the  chief 
ingredient  of  common  wood  tar  and  of  creosote. 
This  shows,  that  the  illustration  of  the  furnace  is  a 
true  one  ;  since  we  actually  obtain,  as  the  prodncts  of 
imperfect  oxidation,  or  combustion  in  the  body,  sub- 
stances which  are  formed  by  the  imperfect  oxidation 
or  combustion  of  organic  matter  in  furnaces, 

£y  the  simultaneous  and  harmonious  co-operation 
of  the  chief  organs  of  secretion,  the  blood  is  kept  in 
the  state  of  composition  and  of  purity  fit  for  the 
nutritive  process.  Excess  in  eating,  so  much  indulged 
in  in  every  country,  is  an  OTerloading  of  the  grate  with 
fuel.  In  the  bodies  of  perfectly  healthy  persons,  a 
slight  excess  of  matters  which  pass  from  the  stomach 
into  the  blood,  produces,  nevertheless,  no  disturbance 
of  the  vital  functions  ;  because  that  part  of  them 
which  in  a  given  time  is  not  consumed  in  respiration, 
is  sent  out  of  the  body  more  or  less  altered,  through 
the  intestines  or  the  kidneys.  These  organs  mutually 
aid  each  other  in  the  process.  When,  as  the  result 
of  an  overloading  of  the  blood  with  combustible 
matter,  and  a  consequent  deficiency  of  oxygen,  the 
urine,  from  excess  of  unoxidised  organic  matters  (in 
the  form  of  niic  acid,  die.,}  is  dark  coloured  and  turbid, 
this  is  generally  a  sign  of  deficient  activity  of  the 
intestine  ;  and  in  this  case,  a  simple  purgative,  by 
the  action  of  which,  the  unoxidised  matters  are 
removed  from  the  blood,  generally  restores  the  dis- 
turbed equilibrium,  the  disturbed  proportion  of  these 
matters  to  the  inspired  oxygen ;  the  urine  becomes 
transparent  as  usual,  and  recovers  its  natural  colour. 
(Prout.) 

The  lung  is  in  itself  passive  ;  the  process  which 
takes  place  in  it  is  not,  as  in  the  glands  and  secretory 
organs  determined  by  an  internal,  but  by  an  external 
cause.     In  the  lung  is  wanting  the  powerful  activity 
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which  in  other  organs,  oppoaea  external  diBturbaDoea 
and  remoTea  their  effects.  The  mere  inspiration  of 
dust  (of  organic  or  iuorgaaic  solid  particles,)  causes 
organic  deposits  in  the  pulmonary  tisane,  which  are 
alao  produced  iu  a  similar  waj  hj  internal  caueea. 
Smohe  and  soot  'accumulate  in  the  luoga  or  other 
tisanea  in  the  form  of  abnormal  depoaita  in  all  caaos 
where  the  proper  action  of  the  inteatiue  and  the  kid- 
neys ia  impeded  or  arrested  by  causes  of  disease. 

Between  the  lungs  and  the  liver  we  find  a  similar 
relation  of  mutual  dependence.  In  the  lower  orders 
of  animals,  and  in  the  fcetus,  the  size  of  the  liver  is  in 
au  inveree  ratio  to  the  undeveloped  or  imperfectly 
developed  oi^ana  of  respiration  ;  and  even  in  the 
higher  clasaea  of  animals,  a  small  lung  usually  cor- 
responds to  a  large  liver,  in  healthy  individuals. 
(Tiedemann.)  The  liver,  roughly  sketched,  is  the 
magazine  for  the  matters  destined  for  respiration  ; 
it  is  the  workshop,  in  which  they  receive  the  shape 
and  quahty  fitted  for  the  production  of  animal  hoat. 
The  liver  is  small,  with  a  large  well-developed  lung  ; 
the  quicker  and  more  perfectly  the  fuel  ia  consumed, 
the  less  of  it  accumulates  in  the  magazine  for  fuel, 
the  size  of  which  has  the  most  definite  relation  to 
the  rapidity  of  the  consumptiou. 

Respiration  ia  the  falling  weight^the  heut  spring, 
which  keeps  the  clock  in  motion  ;  the  inspirations 
and  eipirations  are  the  strokes  of  the  pendulum 
which  regulate  it.  In  our  ordinary  time-pieces,  we 
know  with  mathematical  occnracy  the  effect  produced 
on  their  rate  of  going,  by  changes  in  the  length  of 
the  pendulum,  or  in  the  external  temperature.  Few, 
however,  have  a  clear  conception  of  the  influence  of 
ait  and  temperature  on  the  health  of  the  human  body ; 
and  yet  the  research  into  the  conditions  necessary  to 
keep  it  in  the  normal  state  ia  not  more  difficult  than 
in  the  case  of  a  clock. 
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LETTER  XXV. 

The  chaDges  which  the  a!r  imda'goes  in  respiratioB 
have  been  eiamiaed  with  great  care  ia  recent  times, 
ftnd  ft  ksovrledge  of  the  results  obt&iaed  ia  of  import- 
ance to  the  preseri&tion  of  health. 

The  luDgs,  as  the  scene  of  the  respiratory  process, 
consiet  of  nn  arboresc«it  ramification  of  tubes  which 
hecome  coatinuallj  Btnsller,  the  last  twigs  of  which 
end  in  niinnte  sacs  or  bladders,  called  air-cells,  and 
commnnicate  hj  the  hroneht  and  trachea  with  the 
cavities  of  the  mouth  and  noBe>  The  walb  of  the 
air-ceUe  are  penetrated  by  a  clo«e  net-work  of  Tcry 
minote  blood-vessels,  so  that  the  air  in  the  celb  ia 
only  separated  from  the  blood  by  a  memhrane  exce»- 
uveiy  thin,  and  with  the  blood  in  these  vessels  the  air 
comes  into  immediate  contact  through  the  fluid  which, 

Eroceeding  from  the  blood,  moistens  the  wiJls  of  the 
lood  vessels.  The  small  vessels  gradually  unite  to 
form  larger  twigs  and  branches,  which  pour  their 
contents  into  the  heart  through  a  few  large  truaks. 
The  heart  is  divided  by  a  partitiM)  into  a  right  and  a 
left  half,  each  of  which  has  again  an  auricle  and  a 
ventricle,  communicating  by  an  opening  provideil  with 
valves.  The  contraction  of  the  heart  is  the  primary 
cause  of  the  motion  of  the  blood.  By  the  contraction 
of  the  right  ventricle,  the  blood  from  the  right  auricle 
and  the  veins  which  flow  into  it,  is  forced  through  the 
so-called  pulmcmary  arteries  into  the  limgs,  and  returns 
from  the  lungs  through  the  so-called  pulmonary  reins 
to  the  left  auricle  and  ventricle,  from  whi<^  last,  by 
its  contraction,  it  ia  forced  through  the  great  arteri^ 
trunk,  or  aorta,  into  the  ramifications  of  the  arterial 
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SjBtem  throughout  the  hodj.  B;  the  Teine  it  retunit 
M  Teooua  blood  to  the  right  auricle,  &nd  from  that  it 
passes  to  the  right  rentricle,  to  recommence  the  circu- 
laUon,  which  lasts  as  long  aa  life  continueB.  The 
contraction  of  the  heart  produces  the  beating  of  that 
organ  and  the  pulsation  of  the  arteries.  With  everj 
stroke  of  the  heart  there  is  sent  from  it  through  th« 
puhnonary  arteries  in  the  adult,  calculating  firom 
the  capacity  of  the  right  yentricle,  a  quantity  of 
blood,  estimated  bj  phjaidogists  at  fire  or  six  onnces 
(Volkmann)  ;  and  consequently  there  flows  through 
the  lungs  in  one  minute,  taking  the  pulsations  at 
Bfiventj-two,  tlie  astonishinglj  large  quantity  of  front 
22  to  27  lbs.  of  blood. 

While  the  hlood  flows  through  the  pnlmtmary  Tesiels 
with  BO  great  a  Telocity,  the  air  in  the  air-cells  is 
continually  changed  by  the  respiratory  motions.  In 
health,  and  in  a  state  of  rest,  there  are  fifteen  or 
sixteen  respirations  per  nunttte  ;  in  a  state  of  moderate 
esertion,  twenty  in  the  same  time.  With  more  violent 
motion,  the  strength  and  fulness,  as  well  as  the 
rapidity  of  the  respirations  increase.  The  quantity 
of  expired  air  difl*ers  according  to  the  sieo  of  the  indi* 
vidusJ  and  that  of  the  pulmonary  carity  ;  but  we  may 
assume  that  an  adult  man,  on  an  average,  expires 
i  litre,  or  about  30  to  31  cubic  inches  of  air  ;  while, 
with  strong  and  deep  respiration,  Uiis  quantity  may 
be  increased  to  about,  60  cubic  inches. 

The  human  longs  retain,  in  ordinary  respiration,  uz 
to  eight  times  as  much  air  in  the  cells  as  is  changed, 
in  each  respiration.  The  fresh  air  inspired  mixes 
with  the  air  in  the  cells  ;  at  each  expiration  a  part 
of  this  is  expelled,  aud  its  Ydnme  replaced  by  an  equal 
hulk  of  fresh  air- 
In  the  minute  net-work  of  ressels  in  the  lungs,  an 
immense  surface  of  venous  blood,  therefore,  comes  in 
contact  through  the  walls  of  the  air-cells  with  the 
inspired  air.      The   hlood,    in  these  circumstances. 
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instantlj  nndergoee  a  rery  marked  alteration  ;  ihe 
dark,  nearly  black  red  colour  of  venous  blood,  changes 
into  the  bright  red  of  arterial  blood  ;  and  the  con- 
tinuance of  the  vital  functions  and  of  life  is  most 
intimatelj  connected  with  the  new  propertieB  which 
the  blood  acqaires,  along  with  the  change  of  colour 
produced  hy  contact  with  the  air. 

Simultaneouslj  with  the  change  of  colour  in  the 
blood,  the  air  undergoes  an  essential  change  in  its 
composition  ;  and  to  this  we  shall  now  turn  our 
attention. 

The  chief  constituents  of  atmospherical  air  are 
oxygen,  nitrogen,  a  small  quantity  of  carbonic  acid, 
and  of  ammonia,  and,  besides  these,  mere  traces  of 
combustihle  gases.  The  air  always  contains  moisture 
or  aqueous  vapour  in  very  variable  proportion. 

The  means  employed  by  chemists  to  determine  the 
quantity  of  the  constituents  of  air  are  extremely 
simple.  Hydrated  potash,  or  caustic  potash,  absorbs 
more  than  100  times  its  volume  of  carbonio  acid, 
and  it  is  easy  to  see  that  the  incretlse  of  weight 
in  a  tube,  filled  with  potash,  through  which  we  conduct 
slowly  a  cubic  foot  of  dry  air,  informs  us  exactly  how 
much  carbonic  acid  this  cubic  foot  of  air  contained. 
Just  Bs  carbonic  acid  is  absorbed  by  potash,  oxygen  is 
absorbed  by  red  hot  copper  ;  and  if  we  cause  a  cubic 
foot  of  dry  air,  purified  from  carbonic  acid,  to  pass 
through  a  red  hot  tube  filled  with  copper  turnings,  all 
the  oxygen  remains  with  the  copper,  and  the  gain  of 
weight  of  the  tube  gives  exactly  the  amount  of  oxygen 
in  this  cubic  foot  of  air,  the  total  weight  of  which  is 
also  known  (Dumas). 

In  this  way  it  has  been  ascertained  that  dry  air, 
free  from  carbonic  acid,  contains  in  1000  parts  231 
parts  of  oxygen  and  769  parts  of  nitrogen  by  weight. 
Since  oxygen  is  heavier  than  nitrogen,  the  proportions 
by  volume  are  somewhat  different.  In  100  volomes 
of  dry  air  as  above,  there  are  21  volumes  of  oxygen 
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and  79  of  nitrogen  (or  30-9  eiactl/  of  oxygen : 
Dumas,  BniDoer,  Bunsen,  Regaault);  and  in  ordinary 
atmospheric  air  there  ia  found,  on  an  average,  1  voluine 
of  carbonic  acid  in  2000  Tolumes  of  ^r,  or,  by  weight, 
0'75  of  carbonic  acid  in  lOOO  parts  by  weight  of  air. 

The  expired  air  differs  very  much  in  composition 
from  the  atmospheric  air.     • 

If  we  introduce  into  a  glass  tube,  closed  at  the 
npper  end,  graduated  in  equal  divisioDS,  and  filled 
with  dry  expired  air,  the  lower  open  end  being  im- 
mereed  in  mercury,  about  l-40th  of  the  volume  of 
the  ur  of  strong  solution  of  potash,  the  volume  of 
the  air  instantly  diminiehes,  the  carbonic  acid  present 
being  absorbed  by  the  potash.  If  now  we  add  to  the 
potash  a  concentrated  solution  of  pyrogallic  acid, 
about  half  the  volume  of  the  potash,  the  mixture 
absorbs  the  oxygen  as  rapidly  as  red  hot  copper  does. 
The  volume  again  diminishes,  to  a  degree  exactly 
corresponding  with  the  amount  of  oxygen  present ; 
and  the  residue  is  nitrogen. 

In  this  way  it  is  found  that  100  volumes  of  expired 
wr,  in  ordinary  normal  respiration,  contain  from  3'5 
to  5  volumes  of  carbonic  acid,  and  16-5  to  15 
volumes  of  oxygen.  The  air  first  expired  contains 
less  carbonic  acid  ;  but  when  respiration  is  very  deep, 
it  contains  even  more,  in  many  cases  8*5  to  9  volumes 
of  carbonic  acid,  and  only  11'5  to  II  volumes  of 
oiygen  in  100. 

The  amount  of  oxygen  in  pure  air  is  therefore 
diminished,  by  its  contact  with  the  blood  in  the  lungs, 
to  the  extent  of  ^th  or  -{th,  while  the  carbonic  acid 
is  increased  above  100  times.  It  is  obvious  that  the 
change  of  venous  into  arterial  hlood,  and  its  change 
of  colonr,  depend  on  a  separation  of  carbonio  acid 
gas,  which  mixes  with  the  air,  and  an  absorption  of 
oxygen,  which  combines  with  certain  constituents  of 
the  blood.  A  certain  amount  of  oxygen  passes  from 
the  air  into  the  blood  ;  and  the  air  receives,  in  the 
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place  of  tliia  ozygeDi  a  quaatitj  of  carbonic  acid,  the 
volutne  of  which  is  uanally  somewhat  smaller. 

According  to  Prout,  the  amount  of  carbonio  acid 
in  the  expired  air  ia  greater,  in  a  state  of  mental 
tranquillitj  and  of  moderate  exercise,  and  when  the 
harometer  is  low.  In  general,  the  per  centage  of 
carbonic  acid  diminiebae  when  the  respirations  are 
qniclc,  but  in  this  case  the  whole  amount  of  carbonic 
acid  expired  in  a  given  time  is  much  greater.  Ac* 
cording  to  experimente  made  on  this  point,  it  appears, 
that  with  6  respirations  per  minute  the  expired  air 
contains  57  per  cent,  with  12  respirations  41,  with 
24  respirationii  3'3,  and  with  48  respirations  2'd  per 
cent,  of  carbonio  acid.  The  entire  quantity  of  expired 
carbonic  acid  was,  for  6  respirations  per  minute,  11 
cubio  inches  ;  for  12,  25'3  cubic  inches  ;  and  for  48, 
44-5  cubic  inches  of  carbonio  acid,  (Vierordt.) 

The  influence  of  ttronger  and  quicker  reepiratiODB 
on  the  respiratory  process  is  thus  evident.  By  this 
means  there  is  effected,  in  a  given  time,  a  more 
effectual  separation  of  carbonic  acid,  or  decarhoni- 
sation  of  the  blood. 

It  can  hardly  be  doubted,  that  with  the  increase  or 
diminudon  of  carbonic  acid  expired,  the  amount  of 
oxygen  entering  the  blood  stands  in  a  definite 
reUtien  ;  and  that,  consequently,  the  blood,  in  the 
same  time  in  which  it  gives  ofT  more  carbonio  acid, 
receives  more  oxygen  from  the  air. 

Blood,  when  agitated  with  air,  takes  up  more  than 
Vo-th  of  its  own  volume  of  oxygen,  and  this  gas  may 
be  very  nearly  entirdy  expelled  by  agitatjon  witi 
carbonic  acid  gas.  When  blood,  saturated  wi^  car- 
bonio acid,  is  agitated  with  air,  carbonic  acid  is 
displaced,  and  in  its  stead  oxygen  is  taken  up,  which, 
in  like  manner,  may  be  again  expelled  by  carbonic 
acid,* 
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Tlie  blood  of  a  horse,  DOt  agiuted  with  air,  but, 
AB  it  flowed  from  the  fein,  yielded  to  MagnuB,  wheit 
■aturated  with  carbonic  acid,  more  than  -^th  of  its 
volume  of  oifgen  gas.     In  this  proceu,  the  blood 

^«ti  tbe  KpanbDitj  of  ths  oxj^en  gu  by  ut  ucen  of  arbonie 
uid  gu,  u  >  coavipcing  proof  tlut  tbu  oiTgcn  ii  nat  chemically 
nnited  with  the  blood,  but  ig  onlj  mecliuiicall;  absorbed  in  iL 
Bntthii  eiprmioD  for  ths  pbeODmeDon  ii  decidedly  emiDeooi. 
For  while  1,000  Tolumsi  of  wmter,  ngitiled  vitb  sir,  ud  fiiUy 
■UorUcd  therewith,  iibHrb  only  9^  yolamea  of  oiygen  and  IS} 
Tolumei  of  nilTogen  (Gay  Lu»ac)  ;  1,000  Tolumea  of  blood, 
acoordiug  to  the  Ldminble  eipeiimenti  of  Hognuft,  take  op  100  to 
]  30  volumeg  of  oxygen,  and  only  17  to  33  Tolnmei  of  nitrogen. 
It  k  obTioui,  thoreforc,  Chat  the  oijgsn  gal  abaorbed  by  ths  blood 
fan  only  be  in  part  mechanically  abaorbad  in  the  liquid ;  for  lli« 
liquid  in  blood  ig  water,  of  which  we  know  that  in  the  >.ime  eircnm- 
lllDceB  it  abHibi  11  to  U  timei  leH  oiygeo.  On  ths  coDtraiy, 
wa  muit  admit,  that  tlie  greater  aburptiTfl  power  of  the  hlood  ie 
dotennined  fay  the  preaeoce  ofi^rtain  conatituenti,  which  havo  a 
More  pcweiful  attraction  for  oiygeu  tbtii  water  hai.  The  degns 
of  attraction,  with  which  the  oxygen  ii  retained  in  the  compound 
which  it  forms  in  the  blood,  is  very  small ;  bot  thig  ie  ao  reuon 
fi>r  bolieiiug,  that  it  i>  not  chemically  combined.  We  aie  able  to 
augment  the  abtorptiTe  power  of  water  for  many  ga»ei,  by  adding  to 
it  aubatancei,  whicb  have  a  chemical  attraction,  however  weak,  for 
the  gat.  When,  for  eumple,  we  add  to  the  water  phogphale  of 
■oda,  ita  power  of  abaorbing  carbonic  acid  gaa  incrsaH* ;  and  1  per 
cent,  of  the  aalt  cauKi  the  water  to  take  up  twice  aa  much  of  the 
gaa  ai  pure  water  would  haye  done  under  the  ordinary  preieure.  A 
•olution  of  green  litriol  (lulphale  of  iron)  in  ynxet  takei  up  forty 
timet  more  of  the  deutoiide  of  nitrogen  or  nitric  add  ga>  than  pure 
water.  The  absorbed  gaan  are  Kparated  from  both  liquids  in 
Tscuo,  and  may  alio  be  expelled,  in  the  former  cau  by  mere  agita- 
tion with  air,  in  the  latter  by  agitation  with  carbonic  arid  gaa.  No 
DOB  thinks  of  regarding  ihit  fact,  so  analogons  to  what  is  obaerred 
in  the  blood,  as  a  proof  that  the  carbaaic  acid  in  the  aolutioa  of 
phoiphate  of  loda,  or  the  nitric  oxide  in  that  of  grcon  litriol,  is  only 
mechaoicBlly  abflorired  and  not  in  the  form  of  a  chemical  compound, 
becauH  we  know,  that  the  absorptive  power  of  the  water  in  Ihene 
CBiea  dependi  on  the  quantity  of  the  diiaolTed  alt.     But  if  the 

of  salt  in  the  solution,  it  is  quite  certain  that  the  abaorption  of  tbe 
gaa  dependa  on  the  salt,  and  not  on  the  water. 

There  are  two  causes  on  wliicb  the  atnorption  of  a  gaa,  or  the 
absaiptiTe  power  of  a  liquid  dependi.     One  ii,  a  preasure  on  the 


c.an:a(,GoOgk 


334  LETTEBS  ON  CHEMISTRY. 

takes  alternatelj  the  bright  red  colour  of  arterial 
or  the  dark  purple  red  of  venous  blood. 

These  facte  prore  that  carbonic  acid  and  oxygea 
gaaes,  in  their  action  on  the  blood,  ore  opposed  to 
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incMBjed  the  abiorptiTe  power  doe>  not  continue  lo  act ;  but  when 
it  hat  produced  its  proper  effect  (the  formatioa  of  a  cheinical  coiD' 
pound),  ceaiei  lo  act  further.  In  the  lame  way,  the  solution  of 
green  vitriol,  saturated  ^vith  nitric  oxide,  under  the  ordiuarj 
pressure,  behaves  towards  that  gas  under  increased  pressure  ai  would 
water,  ealurated  with  it  at  the  ordinsry  pressure.  If  100  •olumes  of 
that  solution  are  saturated,  under  the  uiual  pressure  by  100 
Tolumes  of  the  gas.  the  liquid,  under  a  double  pressure,  absorbs,  not 
100  Tolnmes  more  of  the  gas,  but  only  10  Tolumes,  not  more  than 
water,  previously  saturated  at  the  ordinary  pressure,  takes  up  under 

The  blood  agrees  perfectly  wilh  these  liquids  in  iM  mode  of 
action  on  gssei.  Were  the  oxygen  in  the  blood  only  mechani- 
cally absorbed,  the  blood,  which  takei  up  out  of  «r,  containing  ss  it 
doeiilbofoiygen,  12  percent,  of  its  own  volume  of  ox^on,  must 
take  up  under  a  pressure  of  two  almospheres,  twice  ai  much,  under 
three  atmospheres  three  times  as  much,  and,  if  agiUited  wilh  pure 
oxygen,  nearly  five  timet  ss  much. 

So  long  as  it  is  not  proved,  that  the  sbsorplire  power  of  blood  for 
oxygen  gas  does  not  vary  with  the  pressure  in  this  way,  we  must 
assume  that  the  cause  of  its  absorption  by  the  blood  is  a  chemical 
attraction,  by  the  eiTect  of  which  a  chemical  compound  is  formed  in 
tbe  blood.  The  experiments  of  Begnault  and  Reiset,  in  which 
animals  breathed  in  au  ^r  mnch  richer  in  oxygen  than  the  atmo- 
sphere, and  the  circumstance,  that  at  great  heights,  which  like  llie 
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'fiach  other.  Carbonic  acid  is  expelled,  and  oxygen 
taken  up  in  its  stead,  when  the  air  contains  a  certain 
proportion  of  osy gen  ;  and  on  the  contrary,  when  the 
air  contains  an  eiceas  of  carhonio  acid,  oijgen  is 
ei:pelled.  If  both  are  present  in  a  certain  proportion, 
an  e<]uilibrium  between  them  is  estabhshed ;  the 
blood  then  undergoes  no  change,  and  the  venous 
blood  is  not  converted  into  arterial. 

Moreover,  if  the  quantity  of  oxygen  that  can  be 
abBorhed  depend,  according  to  a  certain  law,  on  the 
amount  of  the  carbonic  acid  to  be  expelled,  it  is  clear 
that  the  increase  of  the  amount  of  oxygen  in  the  air 
must  be  altogether  without  influence  on  the  respiratory 
process.  This  remarkable  fact  has  been  satisfactorily 
ascertained  by  Regnault  and  Beiset  in  their  admirable 
researches.  They  found  that  animals, living  for  twenty- 
two  to  twenty-four  hours  in  an  atmosphere  containing 
twice  or  thrice  as  much  oxygen  as  the  air,  experienced 
no  kind  of  aaeasiness  ;  and  that  the  products  of 
respiration,  in  their  quantity  and  relative  proportion, 
were  exactly  the  same  as  when  the  same  animals 
lived  in  common  air.  These  experiments,  as  well  as 
those  of  Uagnus,  prove  that  the  lungs  are  not  the 
true  seat  of  tht  formation  of  carbonic  acid,  and  are 
not  the  true  source  of  animal  beat,  like  a  fire-place  ; 
but  that,  in  the  arterial  blood,  a  current  of  oxygen 
is  conveyed  throughout  the  body,  which,  in  its  passage 

great  plateanx  ofeeDtnl  Anieri<s,ire  inhabited,  respi  rati  on  goes  on, 
just  u  at  the  level  of  the  Ka,  provD,  thai  the  amount  of  Dx^ges 
absorbable  bj  tho  blood  is  a  constant  value,&Dd,  to  a  certain  degree, 
independent  aftbe  eitemol  pressure.  In  the  neighbourhood  of  the 
Piticaco  lake,  15,000  pMple  live  in  the  town  of  Puno,  at  a  height 
cf  1S,000  feet  abovo  Ibe  sea.  The  city  of  Poloai,  in  Bolivia,  M  > 
height  of  12,600  feet,  has  30,000  inhabiUnls.  In  tbaieciuntrio 
the  people  inspire  only  about  |  of  the  absolute  quantity  of  oxygen 
which  enters  the  lungs  a  each  inspiration  at  the  Ka  level,  and  it  it 
evident,  that  if  the  amount  ti( absorbed  oxygeaiiSeied  in  theume 
ratio,  this  change  muit  eiert  a  tnarked  and  eaaential  influence 
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through  the  minuter  TeBsela,  causes  the  formation  of 
products  of  oiidatioQ  or  eombustion,  among  which  is 
carhouic  acid,  aud  couHequeotlj  givet  rise  to  &  diaen- 
gagemeot  of  heat.  The  relation  of  dependence  be- 
tWeoD  the  ahBorption  of  oijgen  and  the  formation 
and  eipulsioD  of  carbonic  acid  BeentB  further  to  prove 
that  both,  in  the  bkod,  are  convened  and  earned  by 
the  same  means,  namely,  the  blood  corpuaculcs  ;  tlrnt 
these  absorb  oxygen  in  the  lungs,  and  during  the 
circulation  give  off  that  oxygen  and  take  up  the 
earbonic  acid  generated.  From  this  it  foUowB,  Uiat 
these  corpuscules  cannot  take  up  more  oxygen  tiian 
they  have  given  off  carbonic  acid,  because  the  one 
gas  takes  the  place  of  the  other,  and  becauae  the 
tno  cannot  exist  at  one  time  in.  the  same  place,  but 
mutually  displace  each  other. 

It  is  further  evident,  that  the  amount  of  carbonic 
acid  in  the  air  is  one  chief  obstacle  to  the  separation 
of  that  gas  from  the  blood,  and,  therefore,  an  obstacle 
to  the  absorp^on  of  oxygen.  When  the  amount  of 
carbonic  acid  iDoreasea,  the  absorption  of  oxygen  is 
impeded,  even  when  its  quantity  remains  the  same. 
It  is  only  by  a  corresponding  addition  of  oxygen  that 
this  injurious  effect  of  carhooio  acid  can  be  counter- 
acted. Such  an  increase  of  oxygen  never  occurs 
under  ordinary  circumstances  ;  but  Regnault  and 
Beiset  have  observed,  that  animals  could  live  in  air 
containing  one  and  a  half  to  twice  as  much  oxygen  aa 
common  air,  even  if  the  amount  of  carbonic  acid  were 
so  great  as  from  17  to  23  per  cent.,  that  is  about  four 
hundred  times  greater  than  in  common  air ;  and 
this,  without  any  injurious  effect,  after  twenty-two  to 
twenty-six  hours.  Such  a  proportion  of  carbonic 
acid  in  common  air  is  absolutely  iucompatible  with 
life. 

The  fact,  that  men  and  animals  die  very  ra^ndly 
from  inhaling  pure  carbonic  acid,  while  they  live  com- 
paratively much  kiDger  in  nitrogen  or  ia  hydrogen 
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gases,  ia  e^cpUined  by  this — tint  in  an  atmosphere  of 
carbonic  acid  the  blood  cannot  giye  off  any  portion  of 
that  gas,  but  on  the  contrary  abgorbs  more  of  it,  by 
which  the  Bmall  proportion  of  oxygen  in  venoui  blood 
is  expelled  from  the  blood,  and  consequently  its  vital 
Auctions  are  mnch  impeded,  nay,  arrested. 

The  condition  most  favourable  to  a  rapid  and  per- 
fect formation  of  arterial  blood,  and  a  more  accelerated 
ezpnluon  of  carbonic  acid  from  the  venous  blood  is, 
consequently,  a  rapid  change  of  ur  in  the  air-cells  of 
the  luDgB.  . 

When  the  inspired  air  has  the  same  oomposition  as 
that  which  is  exhaled,  the  object  of  respiration  is  no 
longer  attained.  The  expired  air  is  used  air,  which 
eannota  second  time  perform  the  same  function  in  the 
lungs.  The  Tenons  blood  is  no  longer  changed  into 
arterial ;  difficulty  of  breathing  and,  finally,  suffoca- 
tion, soon  coma  on,  just  as  if  the  month  and  nose  had 
.been  closed. 

In  this  case,  death  is  determined  by  two  causes. 
One  is,  beyond  doubt,  the  deficiency  of  oxygen  ;  the 
other  is  the  presence  of  carbonic  acid,  by  the  presence 
of  which  the  absorption  of  oxygen  is  impeded.  In 
one  of  the  experiments  of  Regnault  and  Keiset,  a 
dog,  three  years  old,  in  an  atmosphere, — the  amount  of 
'vzygen  in  which  had  fallen  to  4i  per  cent.,  while  that 
of  carbonic  acid,  was  9}  per  cent., — fell  into  death-like 
convulsions  ;  but  he  soon  recovered  in  pure  air,  and 
in  half-an-hour  was  as  lively  as  before.  In  these 
experiments,  the  carbonic  acid  given  out  from  the 
lungs  was  for  the  most  part  removed,  in  the  confined 
space  in  which  the  animal  breathed,  by  solution  of 
potash,  introduced  along  with  the  animal. 

If  we  reckon,  in  the  state  of  rest,  fifteen  respira- 
tions per  minute,  and  for  each  thirty-one  cubic  inches 
of  air  (English  measure],  and  in  the  expired  air  5  per 
cent,  of  carbonic  acid,  and  15  percent,  of  oxygen,  we 
easily  find,  that  ft  man  in  twenty-foar  hours  produces 
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540  litrei  or  about  19  cnbto  feet  (Bngliah  meuurs)  of 
e&rbonic  aoid,  eoneaming  in  the  lama  time  10,800 
litres  or  about  380  cubic  feet  of  air.* 

Id  a  closed  epace,  eight  feet  high,  nine  long, 
and  eight  wide,  a  man  eonld  not  lM«athe  for  twenty- 
four  hours  without  unaaunesss.  At  the  end  of  that 
time  the  air  would  have  the  composition  of  expired 
lur  ;  and  if  the  patient  remuned  longer  in  tha 
same  air,  a  morbid  state,  and,  finally,  deatik  would 
ensue.  Lavoisier  and  Seguin  found  that  the  carbonic 
acid  of  expired  air  when  again  inspired,  may  be  nused 
to  10  per  oent.,  but  not  beycmd  that  quantity,  even 
when  respiration  was  continued,  whieh  it  could  only 
be  for  a  Tery  short  time.  This  proportion  of  carbonic 
acid  may  be  regarded  as  the  limit  at  which  life  is 
endangered  in.  man. 

Cases  of  this  kind,  in  which  death  has  been  caused 
by  the  respiration  of  many  persons  in  a  confined  space, 
too  small  for  the  abode  of  BO  many,  are  not  rare. 
Every  one  baa  heard  of  the  shocking  results  of  the 
confinement  of  a  number  of  prisoners  in  the  Black 
Hole  at  Calcutta  for  one  night,  in  the  course  of  which 
most  of  them  died.  One  of  the  most  recent  and 
lamentable  accidents  of  this  kind  happened  last  year 
in  an  emigrant  ship,  in  which,  during  a  storm  off  the 
English  coast,  the  emigrants  were  crowded  into  the 
cabin.  In  less  than  six  hours  more  than  axty  perMas 
perished. 

In  a  space  in  which  many  persons  breathe,  and  in 
which  the  air  is  hut  imperfectly  renewed  through  acci- 
dental clunks  in  doors  and  windows,  the  elmgatioa  of 
the  flame  of  a  candle,  and  its  bui^ng  dimly,  distinctly 
shoir  the  altered  state  af  the  ur. 
Even  theveryideaafreapiringair,  whieh  has  aojonmed 

*  Aaeordhig  to  eipeiiment,  thns  nnmbert  anj  be  npidsd  ■• 
the  mininu  of  produciian  afarboDia  uid  tad  cMuumption  at  mir. 
With  IB  THpltitioni  per  muiute,  the  csoiumf  lion  of  ozjgen  alreadjr 


caniMovCoO'^lt^ 


IMPOETAKCE  OF  VBNTIUiWON.  8S9 

tar  a  time  in  the  Inngs  of  anotker,  ^though  of  a  heatthf 
person,  oausea  discomfort.  It  is  certain  that  1  p«r 
cent,  of  carbonio  acid  in  tlio  air  produces  a  sensible  un- 
easiness; and  the  advantage  of  a  judiciously  arranged 
renewal  of  the  air,  or  ventilation,  for  all  apartments, 
in  which  people  remain  togetlier,  is  quite  obrioUB. 

For  ererj  adult  there  shooJd  be  supplied  to  such  an 
apartm^it  at  least  6  cubic  metres,  or  216  cnlnc  feet 
(English)  per  hour,  of  [wre  air  ;  in  general  about  one- 
half  more  is  reckoned  upon.  In  the  air  of  the  Chamber 
of  Deputies,  at  Paris,  the  ball  of  which  has  the  cubical 
extent  of  £000  cubic  metrea,  Leblanc  found  that  when 
600  persons  were  present,  and  with  a  ventilatiui  of 
11,000  cubic  metres  per  hour,  the  air  flowing  oat 
AMtiained,  notwithstanding,  I  part  of  carbonic  acid 
by  weight  in  400,  which  ia  2i  or  3  times  mora  than 
ifl  contained  in  pnre  air. 

In  close  places,  in  ships,  many  sick  rooms  and  bed 
rooms,  deficient  ventilation  might  adrantageously  ba 
compensated  for  by  the  use  of  hydrate  of  lime.  The 
action  of  slaked  lime  depends  on  ite  great  power  of 
absorbing  carbonic  acid.  In  a  room  in  which  carbonic 
acid  gas  is  present,  the  gas  is  very  rapidly  removed 
by  slaked  lime  spread  on  a  board.  One  cubic  foot 
(Hessian,  =  O'Sj^l.C.  P.  English)  of  it,  which,  when 
BMHst,  weighs  18  or  20  lbs.,  and  contains  two-thirds  of 
its  wMght  of  dry  lime,  al>sorbs,  in  order  to  be  converted 
into  carbonate  of  lime,  more  than  1100  litres, 
(70  Hessian,  or  388  English  cubic  feet)  of  the  gas. 
In  the  small  closed  space  formerly  described,  if  the 
carlMuio  acid  formed  were  removed  by  means  of  a 
few  pounds  of  slaked  lime  from  the  beginning,  and  its 
injurious  effects  thus  avoided,  a  man  would  be  able  to 
lire  three  or  four  tiraea  as  long  as  without  tbe  lime- 
Since  such  a  space  cannot  be  hermetically  closed, 
the  absorbed  carbonic  aoid  would  be  immediately 
replaced  by  an  equal  volume  of  fresh  lur,  entering 
through  the  chinks. 
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The  onlj  inconvenience  from  the  nee  of  lime  is,  that 
OB  the  time  combines  witb  the  acid,  the  water  of  the 
h3-dnited  lime  ia  act  free,  anJ  partlj  evBporateB,  BO 
that  the  confined  man  or  animal  soon  breather  an  air 
saturated  with  aqueous  rapour.  This  inconTenience 
is  well  known  to  those  who  inhabit  a  newlj  built 
house.  It  appears  during  the  first  mouths,  Terj 
strikingly  in  the  winter  months,  in  the  form  of  an 
excess  of  moisture,  which  condenses  in  drops  ou  the 
windows  and  cold  walls.  This  is  ohserved  in  houses 
which  have  been  for  years  exposed  to  the  action  of 
dry  air ;  and  always  for  the  first  time  when  such  houses 
are  first  inhabited.  It  does  not  proceed  from  ordinaty 
moisture  in  the  walls,  but  from  the  dry  hydrate  of  lime 
in  the  mortar,  which  only  gives  out  the  twenty-fooF 
per  cent,  of  water  (which  are  chemically  combined  in 
it)  at  moisture,  when  the  lime  obtains  a  supply  of 
carbonic  acid  to  combine  with  it  and  displace  the 
water.  This  supply  is  abundantly  furnished  by  the 
lungs  of  those  who  inhabit  the  house. 

The  continuance  of  life,  and  the  preservation  of 
health,  and  of  a  due  temperature  in  the  body  of  man, 
stand  in  the  closest  relation  to  the  respiratory  process, 
the  full  efficiency  of  which  depends  on  the  constant 
composition  of  the  atmospheric  air.  When  this  ia 
altered,  by  any  cause,  temporarily  or  permanently,  the 
influence  of  the  alteration  shows  itself  in  a  transient 
or  permanent  disturbance  of  the  vital  functions. 

The  living  in  low  situations,  in  which  the  air  is 
stagnant,  in  damp  placet,  where  carbonic  acid  is  pro- 
duced by  decay,  or  in  an  air  saturated  with  moisture 
at  a  high  temperature,  has  long  been  recognised  by 
physicians  as  the  proximate  cause  of  many  diseases. 
In  sleeping  rooms,  where  plants  grow,  which  during 
the  night  absorb  oxygen  and  give  out  carbonio  acid, 
in  close  rooms,  in  which  combustion  goes  on,*  the  air 

*  A  cubic  foot 
txjgea,  tad  produo 
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acquires  the  composition  of  expired  air,  and  the 
respiratory  procesB  ia  thus  esaentiallj'  eodan^red, 

It  has  been  pointed  out,  that  in  respiration,  the 
amount  of  the  expired  carbonic  acid,  hj  volume,  ia 
not  equal  to  that  of  the  iaepired  oxygen,  but  a  little 
smaller.  But  vhen  carbon  hume  in  a  given  volume 
of  oxygen,  converting  it  into  carbonic  acid,  the  volume 
of  the  gas  undergoes  no  perceptible  alteration.  Car- 
bonic acid  contains  its  own  volume  of  oiygeo.  If, 
Aerefwe,  the  absorbed  oxygen  were  employed  only 
in  producing  carbonic  acid,  in  the  body,  we  shouUt 
obtain  a  volume  of  carbonic  acid  equal  to  that  of  the 
oxygen  consumed ;  whereas,  the  oxygen  in  the  expired 
«arb<Hiic  acid  is  rather  less  than  the  absorbed  oxygen. 
The  proportion  between  the  two  is  very  Tariable,  and 
up  to  a  certain  point  dependent  on  the  food.  With 
vegetable  diet  there  is  more,  with  a  flesh  diet  much 
less  oxygen  exhaled  in  the  fonn  of  carbonic  ac-id.  In 
the  herbivora,  the  exhaled  oxygen  (as  carbonic  acid, 
the  volume  being  the  same)  amounts  to  -^  Of  -^ 
«f  the  inspired  and  absorbed  oxygen ;  in  the  camivora 
it  is  only  {  of  the  whole.  In  starving  animals,  of 
either  dass,  the  proportion  ia  the  same,  and  is  that  of 
the  camivora,  an  evident  proof,  tliat  in  starvation  the 
•lygen  taken  up  into  the  blood  combines,  in  the  body, 
with  the  same  substances ;  that  is,  respiration  is  carried 
on  at  the  expense  of  the  constituents  of  their  bodies. 

The  question,  as  to  what  becomes  of  the  10  to  25 
per  cent,  of  oxygen,  which  seemingly  disappears  in 
respintion,  is  easily  answered,  if  we  consider,  that 
the  only  combustible  elements  in  the  body  are  carbon, 
hydrogen,  and  a  very  small  amount  of  sulphur.  It  can- 
not be  doubted,  that  the  greater  part  of  that  deficient 
oxygen,  is  consumed  in  forming  water,  by  combining 
with  the  hydrogen.  The  disappearance  of  the  fat,  a  body 
BO  rich  in  hydrogen,  in  atarving  persons,  and  that  of  the 
alcohol  of  spirituous  liquors,  furnish  perfect  evidence 
of  this  formation  of  water ;  aai  the  fact,  that  miirmota 
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or  donnice,  in  tbdr  winter  sleep,  lose  weight  bf 
reapintion,  is  tberebf  sofBcieDtlf  ezpluned.  In  tlwt 
MttAe,  the  ftoimal  drinks  do  water,  bnt  yet  it  pMses 
from  time  to  time,  water  in  its  urine,  the  sepamtion 
of  which,  of  conrae,  produces  a  loss  of  weight,  whieh 
beam  a  d^nite  reti^iwi  to  the  amount  of  oxygen 
absorbed  and  conTerted  into  carbonic  aoid  and  water. 
We  know  ezactlj  the  amount  of  heat  which  is  dia- 
engaged  in  the  conTersion  of  oxygen  into  carboni« 
acid  and  water.  If  we  place  a  burning  apirit-lamp 
under  a  tea-kettle  filled  with  water,  baring  weighed 
the  lamp  preriously  ;  if  we  extingnish  it  when  tbo 
water  begins  to  boil,  that  is,  when  every  part  of  it 
has  been  heated  to  212°,  and  again  weigh  tbe  lamp, 
we  find  how  much  spirit  has  been  used,  or  bnmed, 
to  heat  the  water  to  its  boiling  point.  And  if  we 
know  the  weight  of  the  water,  aitd  its  original  tem- 
perature, we  can  very  easily  calculate  how  many 
degrees  of  heat  a  certain  weight  of  spirit  gives  out 
in  combining  with  oxygen.  With  a  proper  apparatus, 
where  all  the  heat  ^winced  is  conveyed  without  loss 
to  the  water,  it  has  been  in  this  way  ascertained 
tbat  one  ounce  of  pure  spirit  can  heat  69  ounces  of 
water  from  the  freeaing  to  the  boiling  point.  Bvery 
ounce  of  these  69  ounces  has  theref<»«  received  100 
degrees  (Centigrade)  of  heat,  and  all  together  have 
received  69  timet  as  much,  or  6900  degrees.  This 
namber,  6900,  may  be  token  to  express  tbe  amount 
of  heat  prodnced  by  the  oombustion  of  one  part  by 
wdght  of  spirit,  and  this  in  the  form  of  degrees  of 
heat  guned  by  a  knovm  weight  of  irater. 

In  the  same  vray,  the  heat  of  oombnition  in  carbon, 
hydrogen,  oonls,  wood,  and  peat,  &o.,  bos  been  ascer- 
tained. The  heat  produced  by  ooals  is,  ao  tbe  some 
scale,  5625.  With  1  lb.  of  coals  we  can  beat  561  lbs. 
of  water  from  32°  to  212°,  or  6621  lbs.  from  any 
tempomtnre,  10°,  from  32°  to  i2°,  or  from  100°  to 
110°  {  or  lastly,  fi6251bs.  to  the  eztmt  of  1°.     The 
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tnlt  of  beat  is  not  an  ordinaiy  degree,  but  it  is  the 
amount  of  beat  nbich  »  weight  of  water,  eciual  to 
that  of  the  burnt  body,  receiveB  when  its  temperature 
is  rtused  one  degree  of  the  eentigrade  scale. 

The  heal  of  combiutioa  of  pure  carbon  is  greater 
than  that  of  coals  ;  acccu^ling  to  Andrews,  it  is 
7881 ;  that  of  hydrogen  is  still  higher,  namely 
33,808  units  of  heat.  By  the  cwobustion  of  hydrogen 
water  is  formed;  by  that  (tfoarbiw,  carbonic  acid  ia 
produoed  ;  and  since  water  contain*  eight  times  the 
weight  of  oxygen  that  it  does  of  hydrogen,  while 
carbonic  acid  contains  21  times  the  weight  of  oxygen 
that  it  does  of  carbon,  qd«  part,  by  weight,  of 
oxygen,  in  its  convarsion  into  oorbonio  acid,  yidds 
2950  nnits  of  heat,  and  in  its  conversion  into  water 
4226  nnits  of  heat. 

Consequently,  if  .we  know  how  Kinoh  oxygen  an 
animal  consnmes  in  tWenty-fonr  hours,  uid  the 
qoantity  of  carbonic  add  and  of  water  produced,  ths 
Utter  b^g  known  from  the  bulk  of  the  oi^gen  which 
disappears  as  gas,  it  is  easy  to  calcniate  the  whole 
anioimt  of  heat  which  is  produced  by  an  animal  in 
reepiradon.  It  is  moreover  easy  to  see  that,  when 
an  animal  is  made  to  breathe  in  a  proper  apparatus, 
entirely  surrounded  with  cold  water,  the  number  of 
degrees  of  heat  given  off  by  the  animal  in  a  definite 
time  to  the  stUTonnding  medium,  may  ba  easily 
determined.  In  this  way  it  has  been  ascertuned 
with  certainty  that  the  number  of  degrees  of  heat 
produced  by  an  animal  in  the  process  of  oxidation 
going  on  in  its  body,  cwresponds  very  closely  to  that 
which  the  same  apparatus  would  receive,  if  it  were 
heated  by  a  fire,  in  which  a  quantity  of  oxygen, 
equal  to  that  in  the  ascertained  carbonic  acid,  and 
also  to  the  portion  of  oxygen  which  has  disappeared 
(as  water)  had  been  converted  into  the  same  quantities 
of  carbonic  acid  and  water.  The  question  of  the  origin 
of  utimal  heat  is  thwefore  satisfactorily  solved, 


c.an:a(,GoOgk 


LETTEBS  ON  CHBUIBTKY. 


LETTER  XXTI. 


Iir  my  last  letter  I  endeaToured  to  give  yon  Eome 
explanation  of  the  functions,  at  once  so  simple  and 
to  wonderful,  which  oxygen  performs  in  the  animal 
economy.  Allow  me  now  to  add  some  remarks  on 
those  substances  which  are  designed  to  keep  the 
mechanism  of  the  system  in  action,  namely  the  all- 
mentarj  or  nutritious  matters. 

If  the  growth  or  increase  of  mass  in  the  animal 
hody,  the  development  of  its  organs  and  their  repro- 
duction, proceed  from  the  blood,  that  is,  ^e  con- 
stituent parts  of  the  blood,  only  those  substances 
can  serve  these  purposes  which  contain  the  elements  of 
blood  in  a  form  and  with  qualities  such  that  they  can 
be  conTerted  or  transformed  into  blood. 

The  blood  contains  79  or  80  per  cent  of  water, 
and  20  or  21  of  solid  matter,  of  which  U  to  11  per 
cent,  are  incomhnstibie,  and  remain  after  incineration 
as  blood  ath.  The  clot  or  ooagulum  consists  of 
blood  eorputeuUi  enclosed  in  a  network  of  ^brme, 
vhich  latter  body  only  amonnta  to  0-75  per  cent,  of 
the  entire  blood.  The  globules  or  oorpuscules  con' 
tun  the  colouring  matter  of  the  blood,  distinguished 
by  its  never-failing  and  very  considerable  amount  of 
iron.  They  contain  further  a  substance  identical 
with  the  chief  solid  constituent  of  the  serum,  namely 
albumen,  to  which  is  owing  that  the  serum  has  all 
the  properties  of  white  of  egg.  Blood,  or  the  senim 
of  blood,  coBgnlates  when  heated.  The  coagulating 
substance  is  the  <Ubumen  of  theblood. 

One  half  of  the  ash  of  blood  is  »ea  tcdt.  Besides 
this,  there  ore  found,  originally  in  part  diaaolrMl  ia 
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Uie  Bernm,  in  part  in  chemical  combination  vitb  the 

combuBtible  constituents  (fibriae,  albumen,  &e.),  lime, 
magnesia,  pota»h,  eoda,  phosphoric  acid,  and  car- 
bonic acid.  If  we  deduct  the  common  salt  or  chloride 
of  sodium,  se'aquioiide  or  peroxide  of  iron  forms 
from  17  to  20  per  cent,  of  tbe  other  half  of  the  ash. 
Besides  these  substances,  the  blood  contains  also 
some  fatty  matters,  several  of  which  differ  from 
ordinary  fate  in  Tarious  properties. 

The  great  importance  of  albumen  to  the  vital 
animal  process  forces  itself  iiresistiblj  on  our  notice, 
when  we  roflect  on  the  development  of  the  young 
animal  in  a  fonl's  egg.  The  albumen  of  the  white 
and  of  the  yolk  in  the  egg,  contains  sulphur  and 
nitrogen,  as  does  the  albumen  of  the  blood.  For 
erery  equivalent  of  nitrogen  both  kinds  of  albnmeu 
contain  eight  equivalents  of  carbon,  and  tbey  agree 
also  in  the  proportion  of  hydrogen.  They  are  identical 
bodieB,  not  only  in  properties,  but,  with  the  exception 
that  the  albumen  of  eggs  contains  a  minute  quantity 
of  sulphur  more  than  the  other,  in  composition  also.   . 

We  observe,  in  the  neit  place,  that  in  the  impreg- 
nated egg,  by  the  influence  of  beat,  and  by  the  aid 
of  the  oxygen  of  the  air,  which  has  access  through 
the  porous  shell, — under  the  influence,  therefore,  of 
thoae  conditions  which  accompany  respiration,  all  the 
parts  of  (lie  animal  body,  feathers,  claws,  fibrine, 
membranes,  cells,  blood  corpuscules,  the  material  of 
the  blood-vessels  and  lymphatics,  nerves  and  bones 
are  developed.  It  is  obvious  that  albumen  is  the 
foundation,  the  starting  point  of  the  whole  series  of 
peculiar  tissues,  which  constitute  those  organs  which 
are  the  seat  of  all  vital  actions,  The  elements  of 
these  organs,  now  possessing  form  and  vitality,  wero 
originally  elements  of  albumen.  They  are  the  pro- 
ducts of  certain  changes  which  albumen  has  under* 
gone,  under  tbe  influence  of  heat  and  oxygen,  in  living 
organisms. 
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In  the  ume  way  u  ia  the  6gg,  the  Albumen  of  the 
Mood  holds  the  first  place  in  the  proceaB  of  fomuition 
of  the  fcetuB,  to  which  it  ia  coQTeyed  from  without. 
By  its  elements  it  takes  ft  share  in  all  pmteues,  it 
determines  growth,  and  also  the  prodnction  and  re- 
newal of  all  organised  tissues  in  the  jonng  as  well  as 
in  the  adult  frame.  Albumen  is  a  oonstitnent  of  the 
brain  and  of  the  nerves  ;  of  the  lirer,  kidneys,  Bpteen, 
pancreas,  and  of  all  glands. 

Everywhere    thon^ont   organised    nature,  where 
animal  life  is  developed,  we  nnd  the  phenomena  of 
life  depending  on  the  presence  of  albnmen.      The   ' 
eontinuance  of  life  is  indiwolublj  connected  with  its 
presence  in  the  blood,  that  is,  in  the  nntrient  flnid. 

In  so  far  as  the  notions  of  formation,  nutrition,  or 
the  nutritive  property  are  inseparable  frna  that  of  ft 
substance,  whose  properties  and  composition  are  col' 
looted  in  the  word  albnmen ;  only  those  BubsUnces 
are  in  a  strict  sense,  nutritious  articles  of  food,  which 
contain  either  albumen,  or  a  labatance  oapable  of  being 
converted  into  albumen. 

If  we  look  at  alimentary  substances  from  this  point 
of  view,  we  obtain  a  knowledge  of  a  natur^  law  of 
the  most  admirkble  simplicity. 

The  commonest  observations  teach  ns,  that  flesli 
possesses  a  greater  nutritive  power  than  all  other 
kinds  of  food ;  the  chief  constituent  of  flesh  is  muscular 
fibre,  or  the  fibrine  of  muscle,  which  constitotes 
nearly  70  per  cent  of  the  dried  flesh,  purified  fnm 
fat.  In  the  flesh,  this  muscnlar  snbstance  is  inter- 
woven with  fine  membranes,  and  a  mnltitude  of  nerves 
are  ramified  throngh  it,  as  well  as  innumerable  minute 
vessels,  filled  with  coloured  or  ci^nrless  fluids. 

Chemical  analysis  has  detected  the  eanse  of  the 
nutritive  property  of  flesh,  in  a  manner  &ee  from  doubt, 
by  showing  that  the  fibrine  of  muscle  and  the  albn- 
men of  blood  contain  the  same  elements  in  the  same 
proportion  ;  and  that  these  two  bodies  stand  to  each 
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otlier  in  the  Mine  reUtton  m  freili  albumen  snd  co*- 
gnlated  albumen.  In  compoaition,  fibrine  ii  DOtbtng 
more  tban  alburoen  of  blood  solidified  and  in  an 
organtaed  form.  The  difference,  if  any,  is  so  minute, 
tiiat  an  analysis  of  the  muBcular  fibre  doea  not  differ 
more  ^m  one  of  albumen  of  Uood,  tban  two  analyses 
of  the  latter  body  do  from  each  other  (Anhalen  der 
Ch.  nnd  Pharm.  LXXIIl.  126).  The  blood,  conridered 
tta  a  whole,  baa  the  same  composition  as  flesh. 

In  flesh,  therefore,  we  hsTe  one  of  the  first  condi- 
tions for  the  prodaction  of  blood.  In  digestion,  the 
mnacnlar  fibre,  like  boiled  white  of  egg,  becomes 
■oluble  and  capable  of  entering  the  blood  ;  and  it 
would  be  almost  pedantic,  with  our  experience  of  the 
nutritiTe  process  in  camivora,  to  aak  for  proof  that 
digested  museular  fibre  again  acqnirea  in  the  body  all 
the  oharactera  of  the  albumen  of  blood.  It  would  be, 
howerer,  easy  to  supply  this  proof,  since  muscular 
fibre  can  be  oonrerted  into  ^bumen  eren  out  of  the 
body,  by  a  proceaB,  the  ultimate  cause  of  which  wft 
consider  identical  with  that  which  effects  the  solution 
of  food  in  the  stomach.  If  we  leave  muscular  fibre 
eovered  with  water,  and  exposed  to  the  influence  of 
the  air,  a  very  small  part  of  it  passes  into  decompo- 
ution,  and  by  the  action  of  this  the  whole  of  the  rest 
becomes  liqiud  and  soluble  in  water  ;  the  solution, 
when  heated,  coagulates  to  a  white  solid  mass,  which 
is  idenljoal  in  all  its  properties  with  the  coagulated 
albumen  of  blood. 

If  we  examine  milk — that  important  alimentary 
Bnbstance  which,  prepared  in  the  body  of  the  mother, 
is  supplied  by  nature  to  die  body  of  the  young  animal 
for  its  doTolopment — we  find  in  it,  in  the  shape  of 
eoaetne,  a  substance  which  eontuns,  like  albumen, 
sulphur  and  nitrogen  ;  and  the  absence  of  every  otha 
nitrogenous  compound  in  milk,  renders  it  perfectly 
cniun  that  from  caseine  alone  tbe  chief  constituent 
of  the  young  animal's  blood,  as  well  as  its  piuscolar 
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fibres,  membranes,  &c.,  are  formed  in  the  first  stage 
of  its  life. 

Caseine  is  in  its  properties  distinct  from  albumen 
and  fibrine.  It  is  held  In  solution  in  milk  bj  an 
alksli,  and  may  be  heated  to  boiling  without  coagula- 
tion. Diluted  acids,  which  do  not  coagulate  albumen, 
easily  separate  the  caseine  from  milk  ;  it  is  easily 
coagulated  in  the  cold  by  diluted  acetic  acid,  and 
separates  in  the  form  of  a  jelly  or  of  thick  flocculent 
masses,  which,  after  boiling  with  water,  dissolve  with 
extreme  facility  in  weak  alkaline  liquids ;  a  property 
by  which  caseine  is  very  essentially  diBtinguiahed  from 
coagulated  albumen  and  muscular  fibre. 

The  analysis  of  caseine  has  proved  that  this  body 
also  contains  the  same  elements  and  in  the  same  pro- 
portion as  albumen  and  fibrine,  with  the  exception 
that  it  contains  a  little  less  sulphur.  It  is  therefore 
plain  that  in  the  caseine  of  milk  the  young  animal 
receives  the  fundamental  constituent  of  its  blood  in  & 
different  form,  one,  however,  the  best  adapted  for  the 
development  of  its  organs. 

We  can  now  understand  the  nutrition  of  the  car- 
nivora  and  of  the  sucking  young  of  mammalia.  Th& 
carnivora  live  on  the  blood  and  flesh  of  those  animals 
which  live  on  grass  and  grain.  This  blood  and  flesh 
is  in  all  respeetH  identical  with  their  own  ;  the  suck- 
ling receives  its  blood  from  the  blood  of  its  mother. 
In  a  chemical  sense  we  may  say  that  the  camivoroos 
animal,  to  lire,  consumes  itself,  while  the  suckling 
consumes  its  mother.  Its  nourishment  is,  in  its  chief 
constituent,  identical  with  the  chief  constituent  of  ite 
blood  from  which  its  organs  are  developed. 

The  procOBH  of  sutrition  in  gramintvorons  animals 
appears  at  first  sight  altogether  different.  Thdr 
digestive  organs  are  loss  simple,  and  tiieir  food  con- 
sists of  vegetables  which  in  form  and  quality  have 
not  the  smallest  resemblance  to  milk  and  flesh. 

The  question  as  to  their  nutritive  properties  was. 
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-in  fact,  not  many  jeara  ago,  an  apparently  insoluble 
enigma,  and  we  notr  see  hon  it  was  possible  for  the 
most  acute  and  distinguished  physicians  to  regard  the 
■stomach  as  ihe  abode  of  a  conjuror,  who,  if  respect- 
fully treated,  and  io  good  humour,  can  change  thistlest 
hay,  roots,  fruits,  and  seeds,  into  blood  and  flesh  ; 
but  when  angry,  despises  or  spoils  the  best  food. 

All  these  riddles  have  been  solved  with  certainty. 
It  has  been  proved  that  ail  such  parts  of  plants  as 
serve  for  food  to  animals,  contain  certain  constituents 
eawly  distinguished  from  others  by  burning  with  the 
smell  of  burnt  wool.  It  is  found  that  animals  reqiure 
for  their  support  less  of  any  vegetable  food  in  propor- 
tion aait  is  richer  in  these  peculiar  matters,  and  cannot 
be  nourished  by  vegetables  in  which  these  matters  are 
sbsent. 

These  important  products  of  vegetation  are  espe- 
cially abundant  in  the  seeds  of  the  did'crent  kinds  of 
grain,  and  of  peas,  beans,  and  lentils  ;  in  the  roots 
and  the  juices  of  what  are  commonly  called  vegetables. 
They  eiist,  however,  in  all  plants,  without  exception, 
«nd  in  every  part  of  plants  in  larger  or  smaller 
qnantity. 

These  nitrogeaised  forms  of  nutriment  in  the  vege- 
table kingdom  may  be  reduced  to  three  substances, 
whieh  are  easily  distinguished  by  their  external 
characters. 

When  the  newly-eipressed  juices  of  vegetables 
are  allowed  to  stand,  a  separation  takes  place  in  a  few 
minutes.  A  gelatinous  precipitate,  commonly  of  a 
green  tinge,  is  deposited,  and  this,  when  acted  on  by 
liquids  which  remove  the  colouring  matter,  leaves  a 
grayish  white  substance,  well  known  to  druggistB  as 
the  deposit  from  regetabie  juices.  The  juice  of 
grasses  is  especially  rich  in  this  constituent,  but  it  is 
most  abundant  in  the  seeds  of  wheat,  and  of  the 
cerealia  generally.  It  may  be  obtained  from  wheat 
flour  by  a  mechanical  operation,  and  in  a  state  of 
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tolerable  purity  ;  it  ii  then  called  gluten,  but  tbe  glu- 
tinous property  belimga,  in  part,  to  an  oily  aubstance, 
preseot  ia  small  quantity. 

The  second  nitrogenised  eompoand  remuns  dia* 
Bd*ed  in  tbe  juice  after  the  separ»tioa  of  tbe  fibrine. 
It  does  not  separate  from  tbe  juice  at  tbe  ordinary 
temperature,  but  ia  iostaDtly  coagnlated  irheit  the 
liquid  containing  it  ia  beated  to  the  boiling  point. 

When  tbe  clarified  juice  of  autritiom  ?egetab]eat 
eucb  as  cauliflower,  asparagu%  mangel -wuiiel,  or 
tornips,  is  made  to  boil,  a  coagolum  is  formed,  wUcb 
it  is  absolutely  impossible  to  dutioguish  from  tbe  sab- 
stance  whicb  separates  as  a  coagutum,  when  tbe  Bemm 
of  blood,  or  tbe  white  of  an  egg,  diluted  with  water, 
are  heated  to  the  boiling  point. 

The  third  of  these  important  vegetable  principlea  is 
chiefly  found  in  the  seeds  of  peat,  beans,  lentils,  and 
«miUr  leguminous  aeeila.  It  ma;  be  extracted  from 
tbeir  meal  by  cold  water  and  k^t  in  aolution.  In  this 
solution  it  resembleB  tho  others,  but  is  distingniahed 
from  them  in  this,  that  its  solution  is  not  coagi^ated 
by  heat.  When  the  solution  ia  heated  or  evaporated, 
•  skin  forma  on  ita  surfMe,  and  the  addition  of  an 
acid  causes  aeoagulum,  just  as  in  animal  milk. 

The  analyBis  of  these  three  vegetable  principlea  hu 
led  to  the  interesting  residt,  that  they  all  three  eon- 
tain  sulphur  and  nitrogen  and  the  other  conatituenta 
in  the  same  ^q>ortion,  and,  what  ia  s^  mora 
remarkable,  that  they  are  identical  in  etwapoution 
with  albumen,  containing  tbe  same  elements,  in  the 
same  proportion  as  that  chief  constitaent  of  blood. 

How  admirably  simple,  aSier  we  liaro  acquired  a 
knowledge  of  this  relation  between  plants  and 
animals,  appears  to  na  the  process  of  fwmatiw  at 
the  animal  body,  ^e  origin  of  its  blood  aad  of  its 
organs  I  The  vegetable  eubatances,  wbieh  serve  for 
the  production  of  blood,  cwtain  already  tbe  chief 
conatituent  of    blood,   ready  formed,   with  all   iu 
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elements.  Tbe  ontritiTe  pover  of  vegetable  food  is 
direollj  proportional  to  the  amount  of  these  sangui- 
genous  compounds  in  it ;  and  in  couBuming  sucii 
^lod,  the  herbiroFoiu  animal  receivea  the  Ter^  same 
sabBtaDces  which,  in  flesh,  aupport  tbe  life  of  the 
caraiTora. 

From  osrbonio  acid,  water,  and  ammonia,  that  is, 
from  tbe  constituents  of  the  atmosphere,  with  the 
addition  of  sulphur  and  of  certain  constituents  of  the 
orust  of  tbe  earth,  plants  produce  the  blood  ot 
animals  ;  f<v  the  camiTora  oonsume,  in  the  blood 
and  flesb  of  tbe  berbifors,  strictly  speaking,  onlj  the 
Tegetahle  substances  on  wbieb  tbe  latter  have  fed. 
These  nitrogenised  and  sulphm'ised  vegetable  pro- 
duets,  the  albumin  ouB  or  aaoguigenoua  bodies, 
usume,  in  the  stomach  of  the  herbiTora,  the  same 
form  and  properties  as  the  fibrine  of  flesb  and  animal 
albumen  do  in  tbe  stomseb  of  the  camivora.  Animal 
food  contains  the  nutritiTe  constituents  of  plants, 
stored  up  ia  a  concentrated  fonn. 

A  comprehensive  natural  law  connects  the  develop* 
ment  of  the  organs  of  an  animal,  their  growth  and 
increase  in  bulk,  with  the  reception  of  certain  sub- 
stances, essentially  identical  with  tbe  chief  constituent 
of  its  blood.  It  is  obvious  that  the  animal  organism 
produces  its  blood  onlj  in  regard  to  the  form  of  that 
fluid,  and  that  nature  has  denied  to  it  ibe  power  of 
creating  blood  out  of  any  other  substances,  save  such 
as  are  identicsl,  in  all  essential  points,  with  albumen, 
the  chief  constituent  of  blood. 

The  animal  body  ia  a  higher  organism,  tbe  develop- 
ment of  which  begins  with  those  substances,  with  the 
production  of  which  the  life  of  those  vegetables  ends, 
which  are  commonly  used  for  food.  The  various 
kinds  of  grain  and  of  plants  used  for  fodder,  die  as 
soon  as  they  have  produced  seeds.  Even  in  perennial 
plants,  a  period  of  their  existence  terminates  with  tbe 
prodactiou  of  their  fnut.    Ia  the  iDfinite  series  of 
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organic  products  which  begins  with  the  inorganie 
focKl  of  piants,  and  extends  to  the  moHt  complex 
constituents  of  the  nerrous  sjstem  and  brain  of 
animals  the  highest  in  the  scale,  we  see  do  blank,  no 
iDteimption.  The  nutritive  part  of  the  food  of 
animals,  that  from  which  the  chief  material  of  their 
blood  is  formed,  is  the  last  product  of  the  productive 
energy  of  vegetables. 

If  we  compare  the  three  nitrogen o-sulphnrised 
Tegetable  products  with  the  fibrine  of  flesh,  the 
albumen  of  blood,  sod  the  csseine  of  milk,  on  reference 
to  their  physical  characters,  we  find  that  the  gluten 
of  wheat-flour  has  the  closest  resemblance  to  the 
-fibriae  of  flesh  ;  that  that  constituent  of  vegetable 
juices  which  is  coagulated  by  heat,  is  absolutely 
not  distiDgnishable  from  the  albumen  of  blood  ;  and 
lastly,  that  the  chief  constituent  of  the  seeds  of  the 
Legumioosie  agrees  in  all  its  properties  and  behaviour 
with  the  caseine  of  milk.  Hence  are  derived  the 
names  of  vegetable  fibrine,  vegeiahh  aJbumenr  uid 
vegelaMe  eateine,*  which  have  been  most  justly  given 
to  these  three  vegetable  prodncts,  since  they  per- 
fectly agree  in  properties  with  the  correspoudiag 
-animal  prod  acts. 

The  three  nitrogeno-aulphnrieed  or  sanguigeoous 
constituents  of  seeds  and  vegetable  juices  arc  never, 
or  at  least  very  rarely  indeed  found  alone.  Thus,  in 
the  juice  of  potatoes  there  is  found,  besides  fibrine 
and  albumen,  vegetable  caseioe  ooagulable  by  acids  ; 
and  in  the  seeds  of  LeguminosK  there  is  always, 
beudes  the  caseine,  a  certain  quantity  of  albumen 
coagnlable  by  heat.  The  so-called  gluten  of  lye 
meal  consists  almost  entirely  of  vegetable  caseine  and 
Tegetable  albumen.     In  wheat  flour   all  three  are 

•  A  remuktibls  piiwr  of  the  tms  aitnn  of  legetable  cMcinc  !• 
fumlifacd  by  a  liicl,quiU  independent  of  cbcmical  remrcfaet,  which 
ii  iKOTdcd  bj  J.  Itier  in  )ii)  report.     Th>  ChiaoM,  it  ippeM*,  ue 
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It  is  vortby  of  special  remark,  that  animal  fibrine 
and  vegetable  fibrioe,  animal  albumen  and  vegetable 
albmnen,  animal  caseine  and  vegetable  caeine,  not 
only  contain  respectively  the  eame  elements  in  the 
same  proportions,  but  also  possess  like  properties. 
The  gluten  of  wheat-flour,  (which  consists  chiefly  of 
fibrine),  dissolvea  almost  entirely  to  a  turbid  fluid, 
in  water  to  which  hydrochloric  acid  has  been  added 
in  the  proportion  of  a  drop  to  each  ounce.  In  this 
Bolation,  just  as  in  that  obtained  from  flesh  in  the 
umewaj,  sea- salt  causes  coagulation.  Theooagulnm, 
covered  with  pure  water,  and  left  to  putrefy,  dissolves 
oLmost  entirely  to  a  clear  fluid,  and  this  occurs  equally 
with  the  fibrine  of  flesh-  Here  the  putrefaction  of  a 
small  portion  has  caused  the  solution  of  the  remainder, 
and  in  both  cases  the  solution  is  now  found  to  contain 
a  large  quantity  of  true  albumen,  coagulable  by  heat. 

Lastly.  These  different  substances,  whether  of 
animal  or  vegetable  origin,  yield,  io  processes  of 
oxidation,  the  same  products  ;  a  fact  which  chemistry 
regards  as  a  proof  that  their  elements  are  also 
arranged  in  the  same  way.  These  products  are  suffi- 
eiently  remarkable  to  justify  us  in  directing  attention 
to  them.  When  such  compounds  are  acted  on  by 
strong  potash,  a  part  of  their  sulphur  is  taken  np  by 
the  potash,  and  the  alkaline  solution,  by  the  presence 
of  aulphuret  of  potassium,  acquires  the  property  of 
forming  when  a  drop  of  solution  of  sugar  of  lead  is 
added,  an  inky  fluid,  coloured  by  the  sulphuret  of  lead. 
The  further  action  of  the  alkali  produces  from  all 

in  the  htbit  of  mukiDg  t  ml  cbceie  from  pea*.  For  Ihia  pnrpow, 
thn  peu  are  boiled  10  1  ihia  pute,  which  i>  pitBed  through  ■  dere, 
■nd  coagnlited  by  the  ftddilion  of  lolulioD  of  gypaum.  The  cnrd 
i*  InUiSi  like  thit  fonned  in  milk  bj  meini  of  rennet.  The  ulid 
ptrt  ia  prewed  out,  and,  with  the  addition  of  talt,  ia  wroughl  into 
eheeie  in  mouldi.  Thii  cheese  gnduallj'  aciiuirea  tlie  smell  and 
tHte  of  milk  cheen.  It  ia  Bold  io  the  alreeta  of  Canton,  nnder  the 
name  of  Tuifoo,  and,  when  tnib,  a  a  faTourite  article  of  food  with 
th«f«apl«. 
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these  eangnigenoua  compounds  two  crystalline  pro- 
ducts, allied  to  the  organic  baseii,  namely,  Tyrone 
and  Leucitte,  the  latter  of  which  Prout  first  found  in 
putrid  cheese,  and  Crum  in  putrescent  gluten ;  and 
nhichacquiresnowagreaterimportanee,  since,  besides 
its  occurrence  as  a  product  of  the  oxidation  as  well  as 
of  the  putrefacUoD  of  these  substances  out  of  the  body, 
it,  Leucine,  has  lately  been  detected  ready  formed  in 
^e  body,  namely,  in  the  fluids  of  the  lirer  of  the  calf. 
Besides  these  crystallised  products,  there  are  formed 
by  the  action  of  alkalies  on  sanguigenous  substances 
several  volatile  oily  acids,  sach  as  Butjric  and  Vale- 
rianic acids.  When  the  oxidation  ia  conducted  in 
acid  liquids,  we  obtain  numerous  and  very  remarkable 
prodncts,  among  which  are  Hydrocyanic  acid,  Oil  of 
bitter  almonds  (hyduret  of  bensoyle),  Benzoic  acid, 
Formic,  Acetic,  Propylic,  Butyric,  and  Valerianic 
acids,  as  well  as  sereral  of  the  corresponding  Alde- 
hydes ;  BO  that  probably  no  other  organic  substances 
can  in  this  respect  be  compared  to  the  sanguigenoos 
bodies,  animal  or  vegetable. 

The  consideration  that  vegetable  albumen,  vegetable 
fibrine,  vegetable  caeeine,  animal  fibrine,  and  animal 
ctueine,  are  .the  only  nutritive  matters  in  the  animal 
or  vegetable  kingdoms,  from  which,  in  the  process  of 
nutrition,  the  chief  constituent  of  the  blood,  and,  in 
the  vital  process,  all  the  tissues  of  the  animal  body  are 
formed,  has  led  chemists  and  physiologists  to  give  to 
these  five  nitrogeno-sulphurised  sabstances,  to  whiah 
may  be  added  the  albumen  of  the  blood,  since,  as  an 
element  of  the  animal  body,  it  hecomee  a  nutritive 
article  of  food,  the  name  of  plattic  element*  of 
nutrition.  (This  is  to  be  considered  as  synonymous 
with  the  shorter  and  more  convenient  term  of  (an^ut- 
ffenotu  bodiei,  which  I  have  occasionally  used  above, 
as  well  as  with  the  terms  nitropeno-tulphvrited,  atoto- 
lulphuriied,  and  af&umtnotu  bodies,  which  are  also 
frequently  used. — W.  Q.] 
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There  is,  indeed,  no  part  of  an  organ,  posseMing  a 
form  or  structure  of  its  own,  the  elements  of  which 
are  not  derived  fivm  the  albumen  of  the  blood.  All 
organised  tisanes  in  the  body  contun  a  certain  amount 
of  nitrogen. 

Many  of  the  physical  properties  of  the  organs  or 
tissues  depend  on  the  presence  of  their  non -nitrogenous 
constituents,  namely,  of  water  ani  fat.  These  bodies 
assistin  the  changes  and  processes,  by  which  organised 
structures  are  formed.  Fat  has  a  share  in  the  forma- 
tion of  cells  ;  and  on  water  depends  the  fluidity  of  the 
blood  and  of  all  other  juices. '  So  also  the  milk-white 
colour  of  earlilage,  the  transparency  of  the  cornea,  the 
softness,  plasticity,  flexibility,  and  elasticity  of  mus- 
.  cular  fibre  and  of  membranes,  the  silky  lustre  of  fascin 
and  tendons  ;  all  depend  on  a  fixed  proportion  of  water 
in  each  case.  Fat  is  a  nerer-failing  constituent  of  the 
sobstance  of  the  brain  and  nerves  ;  hair,  horn,  claws, 
teeth,  and  bones,  always  contain  a  certain  amount  of 
water  and  fat.  But  In  these  parts  water  and  fat  are 
only  mechaaically  absorbed,  as  in  a  sponge,  or  en- 
closed in  drops,  as  fat  is  in  cells,  and  they  may  be 
removed  by  mechanical  pressure,  or  by  solvents,  with- 
out in  t^e  least  affecting  the  structure  of  the  parts. 
They  never  have  an  organised  form  peculiar  to  them- 
selves, but  always  take  that  of  the  parts,  the  pores  of 
which  they  fill.  They  do  not  belong,  therefore,  to  the 
plastic  constituents  of  the  body  or  ^  the  food. 
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LETTER  XXVII. 

The  food  of  all  animalH,  besides  the  plastic  or  eangni- 
geDOUS  constitaents,  from  which  the  btood  and  the 
organs  are  derired,  contains,  at  all  limes,  and  under  all 
circumstanceB,  a  certain  amount  of  substaiicea  devtud 
of  nitrogen  and  of  sulphnr. 

Flesh,  the  food  of  the  CBmirora,  contains  a  certain 
quantity  of  fat ;  millt  contains  fat  [in  hotter),  and 
along  with  this  an  easily  crjstallisahle  body,  sugar  of 
milk,  which  is  obtained  from  the  whey  of  sweet  milk 
by  eTaporation.  The  food  of  the  herbivora  always 
contains  a  substance  resembling  sugar  of  milk,  and 
closely  allied  to  it  in  chemical  characters.  (Starch, 
cane  and  grape  sugar,  gum,  die) 

The  properties  of  milk-sugar,  considered  as  a  con- 
stituent of  milk,  and  as  a  product  of  the  vital  process 
in  animals,  are  peculiarly  interesting.  Hitherto  this 
kind  of  sngar  has  been  found  only  in  milk,  and, 
according  to  recent  researches,  although  in  very  small 
proportion,  in  eggs.  It  occurs  in  commerce  in  thick 
cryatallioe  crusts,  which  are  usually  yellowish,  yel- 
lowish-brown, or  dirty,  from  want  of  care  and  cleanli- 
ness in  its  preparation.  By  recrystallisation,  and  the 
use  of  animal  charcoal,  to  decolorise  the  solution,  it 
is  obtained  in  four-«ded  prisms,  acuminated  by  four 
planes,  which  are  daziling  white,  hard,  and  gritty  in 
the  teeth. 

Crystallised  milk-sugar  dissolves  in  five  or  six 
parts  of  cold  water,  without  forming  a  symp  ;  the 
crystals,  placed  on  the  tongue,  have  a  weak  sweet 
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taate,  vhich  is  etronger  in  the  Bolution.  The  property 
of  fermenting,  when  left  to  itself  &t  a  moderate  tem- 
perature, which  milk  poaaeHBea,  depends  on  the 
presence  of  milk-BOgsr.  Fermented  milk  yields, 
when  distilled,  true  brandy,  which  has,  however,  an 
offensive  smell  of  butyric  acid  and  rotten  cheese. 
This  spirit,  prepared  from  mare's  milk,  is  in  general 
use  in  Tartary  and  in  the  country  of  the  Khirgeses 
and  Kalmuks.  The  facility  with  which  und^ 
certain  ciroumstancee,  milk-sugar  undergoes  another 
transformation,  and  is  converted  into  lactic  acid,  is 
well  known  to  every  one  from  the  fact  that  milk 
so  readily  turns  sour. 

Milk-sugar  is  distinguished  by  the  power  of  absorb- 
ing oxygen  when  free  alkali  is  present.  If  a  solution 
of  it  be  rendered  alkaline  by  means  of  ammonia,  and 
a  salt  of  silver  added,  the  oxide  of  silver,  when  the 
solution  is  warmed  is  reduced,  either  as  mirror-like 
deposit  on  the  glass,  or  in  grey  flocculi.  A  HolutioD 
of  tnilk-sugar  to  which  potash  is  added,  dissolves 
oxide  of  copper,  with  a  beautiful  blue  colour.  This 
solution,  when  heated,  becomes  of  a  fine  red,  the 
copper  separating  as  red  suboxide.  In  these  instances 
the  oxygen  of  the  oxides  is  taken  up  by  the  elements 
of  the  milk-sugar,  entirely  in  the  case  of  silver,  and 
to  the  extent  of  one-half  in  that  of  copper. 

An  alkaline  solution  of  milk-sugar  dissolves  perox- 
ide of  iron  and  other  oxides,  and  the  same  solution 
decolorises  blue  indigo,  which  is  dissolved  in  the 
colourless  or  deoxidised  form,  yielding  a  true  indigo 
bath,  fit  for  dyeing. 

By  the  influence  of,  many  ferments,  and  with  ^e 
greatest  facility  in  presence  of  lime,  the  lactic  acid 
derived  from  milk-sugar  is  converted  into  butyric 
acid,  which  belongs  to  the  group  of  fatty  or  oily 
acids.  When  oxidised  by  means  of  nitric  acid,  milk- 
■Dgar  yields    carbonic,    oxalic,    and    macio    acids. 
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Finally,  if  to  a  solution  of  milk-Bugar  in  water  we 
add  some  sulphuric  acid,  the  ndlk-sugar  is  very 
rapidly  coDverted  into  grape-sugar. 

Crystallised  milk-sugar  contains  uarbon  and  the 
elements  of  water,  oxygen,  and  hydrogen,  in  such 
proportions  that  if  we  suppose  the  whole  of  its 
hydrogen  replaced  by  the  equivalent  quantity  rf 
oxygen,  the  result  will  be  carbonic  acid.  If  we 
represent  milk-sugar  by  the  formula  0,^  H.^  O^^t 
and  replace  the  12  eqs.  of  hydrogen  by  12  eqs.  of 
oxygen,  we  have  0,^  0,j  0,,  orC,,  0,^,  which 
ie  =  12  C  Og  ;  that  is,  12  eqs.  of  carbouic  acid. 

Sweet  fruits  and  sweet  vegetable  juices  owe  their 
sweet  taste  to  three  kinds  of  sugar,  of  which  two  ore 
crystallisable,  while  the  third  is  always  soft  or  of 
syrupy  consistence.  This  lost  kind  occurs  in  most 
fruits.  (Mitsoherlich.)  Beet-root  and  carrots  contain 
the  same  kind  of  sugar  as  the  juice  of  the  sugar-cane ; 
honey  contains  the  same  kind  as  grapes.  Of  tbese 
sugars,  grape-sugar,  in  its  character  and  composition, 
most  resembles  milk-sugar.  Dried  grape-sugar  has 
the  same  composition  as  crystallised  milk-sngar ;  and 
in  its  action  on  metaUic  oxides,  such  as  oxide  of 
silver,  oxide  of  copper,  and  peroxide  of  iron,  and  on 
indigo,  as  well  as  in  the  property  of  passing  umier 
certain  circumstances  into  lactic  and  butyric  acids,  it 
agrees  exactly  with  milk-sugar. 

Cane-sngar  differs  from  crystallised  milk-sugar  and 
from  dried  grape-sugar  in  composition  only  by  the 
elements  of  1  eq.  of  water,  its  fomialn  being 
C ,  „  H ,  J  '^  1 1  S  ^"t  ^y  contact  with  ferments  or 
acids,  it  takes  up  into  its  composition  this  1  eq.  of 
water,    and  passes  with    great   facility  into  grape- 

The  most  universally  diffused  substance  in  the 
vegetable  kingdom  and  in  the  food  of  herbivora, 
which  in  the  process  of  their  nutrition  plays  the  same 


caniMovCoO'^lt^ 


important  p&rt  u  milk-eugar  doea  in  that  of  cami- 
rora,  is  atarch,  which  appears  at  first  sight  the  most 
remote  from  milk-sugar  in  its  properties. 

Starch  is  found  deposited  in  rounded  grains  in  the 
seeds  of  the  cereals  and  legmninoHie,  in  roots  and 
tnbers,  and  in  wood,  and  after  breaking  np  the  cells 
which  enclose  it,  may  be  obtained  bj  washing  with 
water.  If  potatoes,  unripe  apples  or  pears,  cheHtnuta, 
acoTDS,  radiaheB,  arron-root,  the  pith  of  certain  palms, 
wheat,  and  other  grains,  be  rubbed  down,  and  the 
paste  washed  with  water  on  a  fine  sicTe,  the  white 
and  turbid  fluid  which  posses  through  deposits  starch 
in  the  form  of  a  snow-white  very  fine  powder.  It 
occurs  in  commerce  in  various  fonns,  The  finest 
starch  from  wheat  ia  known  as  hair  powder  ;  sago 
is  the  starch  of  the  sago  palms,  granulated  and  dried 
aci  well  as  slightly  baked  together  by  heat ;  arrow- 
root is  that  of  the  plant  of  that  name,  Maranta 
arundittacea;  mandiocoa  is  that  of  /atropAa  ManiJtot 
(the  three  last  kinds,  aa  sold  on  the  continent,  are 
chiefly  potato  starch).  All  kinds  of  starch  have  the 
oame  composition  and  the  same  chemical  characters  ; 
except  the  peculiar  starch  (inuline)  of  Inula  hilenivm, 
of  the  dahlia-root,  and  many  lichens ;  all  give  with  hot 
water  a  more  or  less  fluid  or  gelatinous  paste,  which 
strikes  a  splendid  indigo  blue  colour  with  solution  of 
iodine. 

It  has  already  been  mentioned,  in  Letter  XVI., 
that  starch,  by  the  influence  of  the  gluten  of  grain  in 
the  germination  of  com,  or  by  that  of  Bulphnrio  acid, 
is  converted  into  grape-sugar. 

When  mixed  with  a  hot  incision  of  malt,  starch- 
paste  or  jelly  becomes  at  once  fluid  ;  there  is  at  first 
formed  a  substance  like  gum,  known  as  starch-gum 
or  dextrine,  which,  by  the  continued  action  of  the 
malt,  is  entirely  changed  into  grape-sugar.  A  pre- 
cisely similar   action  ia  exerted  on   staroh-jelly  by 
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saliva  tDcluding  air.  A  mixture  of  salira  with  stareb- 
paste,  exposed  to  the  temperature  of  the  human  bodj, 

becomes  more  fluid  and  eweet,  and,  bj  menna  of  a 
proper  quantity  of  anliva,  the  whole  etarch  ii  trans- 
formed into  grape-angar. 

The  difference  in  external  form  and  characterB  be- 
tween starch  and  grape-sugar  is  thus,  it  is  eaaj  to 
see,  almost  entirely  destroyed  in  the  digestive  process. 
Kature  has  so  arranged  it,  that,  daring  mastication, 
there  is  added  to  amylaceous  food  a  substance,  by  the 
action  of  which  in  ihe  stomach,  the  starch  is  trans- 
formed into  a  substance  which  agrees  in  its  compou- 
tion  and  in  its  chief  properties  with  sujgar  of  milk. 

The  amount  of  starch  in  the  flour  of  different  kinds 
of  grain,  in  peas,  beans,  lentils,  and  potatoes,  is  very 
large.  Wheat  and  rye-flonr  contain  from  60  to  66  ; 
barley  and  lentils,  40  to  50  ;  maize-Sour  about  78 ; 
rice  as  much  as  86  ;  potatoes  (dry)  above  70  per  cent, 
of  starch. 

The  fat  of  butter  and  that  of  flesh  contain  carbon 
and  hydrogen  very  nearly  in  the  same  relative  propor- 
tion as  starch  and  the  Tarioas  sugars  ;  these  differ 
from  fat  chiefly  in  containing  more  oxygen.  For  the 
same  quantity  of  carbon,  fat  contains  nearly  ten  times 
less  oxygen  than  starch,  &c. ;  and  it  is  therefore  easy, 
by  adding  oxygen,  to  convert,  in  our  calculations,  a 
given  amount  of  fat  into  starch.  In  this  way  we  find 
that  ten  parts  of  fat  correspond  to  twenty-four  of  starch. 
In  like  manner,  by  deducting  a  certain  amount  of 
water,  we  can  reduce  milk-sugar  to  its  equivalent  of 
starch;  and,  by  thus  reducing  all  the  non-nitrogenoni 
elements  of  food  to  their  equivalent  values  expressed 
as  starch,  we  can  readily  compare  the  most  important 
articles  of  food  in  regard  to  the  proportions  of  plastic 
or  sanguigcnous,  and  of  non-nitrogenous  substances 
which  they  contain.  This  is  done  in  the  following 
table  :— 
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Hare 

Whesl  Floni 
Otttneal 
Rjo  Flour 
Btr\ty 

PotalOM,  white 

„        Hoe 

BucliwbHt  Flon 


10 


130 


The  relative  proportions  of  the  plastic  conBUtneats 
in  milk  to  its  butter  and  milk-BUgar,  that  of  the  sanguis 
genoiis  matter  ia  flesh  to  its  fat,  and  that  of  the 
plastic  matter  of  graio,  potatoes,  and  the  seeds  of  the 
legnminosie,  to  their  starch,  are  not  constant.  Thef 
Torj  in  milk  with  the  food  ;  fat  or  fattened  fiesh  con- 
tains more  fat  than  that  which  is  lean ;  and  the  differ- 
ence between  the  two  kinds  of  potato  shows  how  great 
may  he  tho  variation  in  different  varieties  of  the  same 
plant.  But  the  ahove  nnmbers  maj  be  regarded  as 
average  numbers,  lying  between  the  opposite  extremes 
in  each  coae.  We  may  regard  as  constant  the  follow- 
ing results  ;  namely,  that  peas,  beans,  and  lentils 
contain,  for  I  part  by  weight  of  plastic  matter 
between  2  and  3  of  non-nitrogenous  matter,  reckoned 
as  starch  ;  that  grain,  such  as  wheat,  rye,  barley, 
and  oats  coutaia  between  5  and  6  parts  ;  potatoea, 
from  8  to  II  parts  ;  rice  and  buckwheat,  from  13  to 
13  parts  of  the  latter  to  1  of  the  fonner.    Of  all  food. 
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lean  flesh  ie  richest  in  plaatic  constitneDtB.  Omittiag 
the  inorgaaic  constituents,  17  parts  of  lean  beef  con- 
tun  as  much  plastic  or  sauguigenoua  matter  u  56 
parts  of  wheat-flour,  or  €7  of  rye-flour,  or  96  of  white 
potatocB,  or  133  of  rice. 

In  comparing  these  kinds  of  food,  we  must  bear  in 
mind,  that  in  their  natural  state  they  all  contain  a 
certain  amount  oF  water,  which  must  be  taken  into 
account ;  17  parts  of  diy  beef,  containing  7'08  parte 
of  fat,  contain,  in  the  natnnd  state,  32  parts  of  water. 
As  wheat-flour  contains  15  per  cent,  of  water,  the 
49  parts  (17  +  32)  of  fresh  beef  correspond  to  66 
parts  of  flour. 

It  is  obvious,  that  by  a  due  mixture  of  these  articles 
of  food,  we  can  obtain  a  diet  of  a  composition  analo- 
gous to  that  of  milk  or  of  wheat«n  bread.  By  the 
addition  of  bacon  or  fat  fork  to  peas,  beans,  or  lentils  ; 
of  potatoes  to  beef ;  of  fat  bacon  or  ham  to  real ;  of  rice 
to  mutton  ;  we  increase  in  each  case  the  praportim  of 
non-nitrogenous  matter.  The  same  result  is  obtuned 
by  the  use  of  fermented  liquors,  which,  when  taken 
with  lean  flesh  and  little  bread,  yield  a  diet  approach- 
ing to  milk,  and,  with  fat  meat,  one  approaching  to 
rice  or  potatoes,  in  the  relative  proportions  of  plastic 
and  non-nitrogenous  constituents. 

A  glance  at  these  relations  is  sufBoient  to  convinM 
UB,  that,  in  choosing  his  food  (when  a  choice  is  open 
to  him),  and  in  mixing  the  various  articles  of  diet, 
man  is  gnided  by  an  unerring  instinct,  which  rests  on 
a  law  of  nature. 

This  law  prescribes  to  man,  as  well  as  to  animali, 
a  proportion  between  the  plastic  and  non-nitrogenoua 
constituents  of  his  whole  diet,  which  is  fixed  within 
certain  limits,  within  which  it  may  vary,  according  to 
his  mode  of  life  and  state  of  body.  This  proportion 
may,  in  oppoution  to  the  law  of  nature  and  instinct, 
he  altered  beyond  these  limits  by  necessity  or  eom- 
pulsion  ;  but  this  can  never  happen  witiiout  endanger- 
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ing  the  health,  and  injuriDg  the  bodilj  and  mental 
potrein  of  man. 

It  is  the  elevated  miuion  of  science  to  bring  this 
\mw  of  nature  home  to  onr  minds  ;  it  is  her  daty  to 
show  nhy  man  and  animals  require  such  an  admixture 
in  the  constitnents  of  their  food  for  the  support  of  the 
vital  fnnotions,  and  what  the  influences  are  which 
determine,  in  accordance  with  the  natural  la»,  changes 
in  this  admixture. 

The  knowledge  of  this  law  elevates  man,  in  regard 
to  an  important  function  which  be  poaHeBsea  in  common 
with  the  lower  animals,  above  the  level  of  ihose  beings 
which  are  destitute  of  reason,  and  supplies  him,  in  the 
regulation  of  those  bodily  wants  which  are  essential  to 
his  existence  and  prosperitj,  vrith  a  protection,  which 
the  lower  animals  do  not  require,  because  in  them  the 
commands  of  the  instinctive  law  are  not  opposed  or 
overpowered  by  the  allurements  of  sense  nor  by  a  per- 
verted and  resisting  wilt. 

The  inquiry  as  to  the  nltimate  foundattona  on  which 
this  law  of  instinct  rests,  which  compels  men  and 
animals  to  consume,  alsng  with  the  plastic  matters 
from  which  their  organs  are  formed,  certain  non- 
nitrogenous  bodies,  which  take  no  direct  share,  by 
their  elements,  iu  the  formation  of  these  organs,  and 
the  further  inquiry  as  to  the  part  which  these  'sub- 
stances perform  in  the  vital  process,  are  easily  answered 
when  we  compare  the  oonstituents  of  the  body  with 
those  of  the  food,  and  consider  the  latter  as  the  causes 
or  conditions  of  those  effects  which  they  produce  in  the 
living  body. 

A  working  horse  consumes,  in  a  year,  5,i75  pounds 
of  hay,  and  1,642  pounds  of  oats.*  An  adult  pig, 
weighing  120  pounds,  consumes,  in  the  same  time, 
5,110  pounds  of  potatoes.t     WiA  this  prodigious 
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masB  of  food,  wliich,  in  the  pig,  amounts  to  more  than 
forty  times  the  weight  of  its  body,  the  weight  of  theee 
animalB,  at  the  year's  end,  either  doee  not  increase,  or 
the  increase  ia  a  mere  fraction  of  the  weight  of  the 
food. 

So  it  is  with  the  food  of  roan.  In  an  adult,  whose 
weight  ia  not  perceptibly  altered  at  the  year's  end, 
the  proportion  of  the  parts  and  their  composition  are 
the  same  as  at  the  beginning  of  the  period.  The 
whole  quantity  of  food  talen  in  363  days,  has  not 
been  employed  in  increasing  the  size  or  weight  of 
his  body,  but  hoii  only  served  to  produce  a  seriea  of 
effects. 

The  fourteen  pounds  of  potatoes,  daily  consumed  by 
the  pig,  produced  in  its  body  a  certain  quantity  of  me- 
chanical force,  by  which  the  motion  of  its  blood,  of  its 
juices,  and  of  its  limbs  was  effected.  The  constituents 
of  the  food  served  to  keep  the  mechanism  in  action. 

A  result  precisely  similar  was  effected  by  the  four- 
teen pounds  of  hay  and  the  four  and  a  half  pounds  of 
oats,  daily  consumed  by  the  horse  ;  with  this  differ- 
ence,  however,  that  this  amount  of  food  enabled  the 
horse  to  expend  a  certain  amount  of  mechanical  force 
eitemally.  The  food  produced  in  his  body  an  excess 
of  force,  by  which  his  limbs  were  enableil,  without 
injury  to  health,  to  overcome  a  certain  sum  of  resist- 
ance, that  is,  to  perforin  a  certain  amount  of  work. 

In  the  body  of  the  man,  the  bread,  fiesh,  and  vege- 
tables produced  the  same  effect  as  in  the  horse ;  bnt,  in 
addition  to  the  mechanical  force,  which  determined  the 
involuntary  motions  of  his  internal  organs  and  the 
voluntary  motions  of  his  muscles  in  his  work,  the  food 
abo  produced  a  certain  sum  of  effects,  manifested  in 
the  action  of  the  senses  and  of  the  intellect. 

We  know  that  when  food  is  withheld,  the  body  of 
man  and  of  all  animals  loses  weight  every  second  ; 
that  the  decrease  or  loss  in  the  most  important  organs 
in  a  given  time,  stands  in  a  certun  ratio  to  the  mani- 
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feetatJons  of  force  produced,  in  the  same  time,  by  bis 
organs  or  his  limbs  ;  tbat  bj  the  food,  the  weight  of 
the  body,  and  the  power  of  producing  new  manifeBla- 
tions  of  force,  is  restored  ;  that  in  a  state  of  rest,  man 
and  animals  require  less  food  than  in  that  of  motion 
or  exertion  ;  and  that  it  is  not  a  matter  of  indiftsr- 
ence  what  is  the  quality  of  the  food  which  the  man  or 
beast  must  daily  consume,  in  order  to  recover,  undi- 
minished, the  original  power,  and  to  perform,  on  the 
following  day,  the  same  amount  of  work  as  on  the 
first,  or  to  produce  the  same  manifestations  of  force 
through  the  nervous  system,  or  mental  manifestations. 

Innumerable  observations,  made  during  centuries, 
have  demonstrated  beyond  a  doubt,  that  different  frnms 
of  food  are  extremely  unequal  in  regard  to  the  pro- 
dnction  and  restoration  of  these  powers  or  forces ; 
that  wheat  surpasses  rye,  that  rye  surpasses  potatoes 
and  rice,  and  that  flesh  surpasses  all  other  food  in 
reference  to  these  effects.  These  observations,  made 
by  all  mankind,  have  shown,  that  a  horse,  fed  on 
potatoes,  cannot  perform  anything  like  the  same 
amount  of  work  as  one  fed  on  hay  and  oats  ;  and, 
lastly,  that  the  power  of  daily  labour,  available  in 
man,  may  he  measured  by  the  quantity  of  the  plastic 
M*  sanguigenouB  constituents  cont^ned  in  the  fiesb 
and  bread  he  consumes.* 

It  is  obvious,  that  the  plastic  constituents  of  food 
are  the  proximate  conditions  or  causes  of  the  pro- 
duction of  force  in  the  organism,  and  of  all  mental 
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manifBBtations,  such  as  those  of  sense,  emotion,  or 
intellect. 

We  csD  readily  uuderetand  this,  when  ne  reflect 
that  all  the  phenomena  of  motion  in  the  animal 
orgaDiBm,  atl  the  effects  which  an  animal  prodnces  bj 
its  brain  or  its  muscles,  are  determined  by,  or  depend  on 
the  organised  atructure  of  his  body  ;  that  the  unor- 
ganised parts,  which  have  no  form,  such  as  water  and 
fat,  have  no  vital  properties,  and  cannot  change  their 
place  or  relative  position  by  any  power  inherent  in 
thems  elves. 

But  if  the  effects  producible  on  the  body  of  a  man 
or  beast,  whether  in  his  organs  of  seuBe,  his  brain, 
or  the  organs  of  the  voluntary  and  involuntary  motions, 
depend  on  the  number  or  siie  of  the  organised  parts, 
it  is  evident  that  the  amount  or  the  duration  of  these 
effects  must  be  in  proportion  to  the  mass  of  the  indi- 
vidual parts  of  which  the  organs  consist ;  the  cerebral 
manifestations  must  be  in  proportion  to  the  mass  of 
the  brain,  the  mechanical  effects  to  the  mass  of  mus- 
cular substance. 

With  the  decrease  of  the  mechanical  apparatus  for 
the  production  and  external  manifestation  of  force, 
with  the  wasting  of  the  substance  of  the  muscles  and 
nerves,  the  power  of  making  such  manifestations 
diminishes ;  with  the  renovation  and  restoration  of 
these  organised  stmctores  or  (issues  in  the  process  of 
nutrition,  the  power  of  producing  repeatedly  tlie  same 
manifestations  of  force,  of  performing  the  same  mental 
or  bodily  labour,  is  regained. 

All  these  organised  tissues,  all  the  parts,  which  in 
any  way  manifest  force  in  the  body,  are  derived  from 
the  albumen  of  the  blood ;  all  the  albumen  of  the 
blood  is  derived  from  the  plastic  or  sanguigenoas 
constituents  of  the  food,  whether  animal  or  vegetable. 
It  is  clear,  therefore,  that  the  plastic  constituents  of 
food,  the  ultimate  source  of  which  is  the  vegetable 
kingdom,  are  the  conditions  essential  to  all  produc- 
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tion  or  manifcststioa  of  force,  to  all  those  effects 
which  the  animal  organism  produces  bj  means  of  its 
organs  of  seuse,  thought,  and  motion. 

In  thia  relation,  in  this  dependence  of  the  anlmftl 
OB  the  Tegetable  kingdom,  a  neir  and  admirable  con- 
nection is  unfolded  to  the  human  mind. 

Plants,  which  serre  as  food  to  animals,  are  the 
prodDcera  of  the  plastic  constituents  of  food,  and 
hence  are  accumulators  of  force.  In  repose  and  in 
sleep,  animals  return  to  the  condition  of  plants  ;  the 
formless  constituents  of  their  blood  become  organised 
portions  of  their  tissues  ;  and  while  these  tissues,  in 
their  turn,  are  resoWed  in  the  vital  process  into  form- 
less or  into  inorganic  compounds,  the  force  stored  up 
in  them  ia  manifested  in  the  most  Tarious  effects ; 
like  a  galTanic  battery,  the  peculiar  properties  of 
which  are  determined  by  a  certain  arrangement  of 
its  elements,  and  which  conBoroes  itself  in  giving  rise 
to  new  manifestations,  ma^etic,  electrical,  or 
chemical. 

The  relations  of  the  plagtio  constituents  of  food  to 
the  vital  process  in  the  animal  body,  appear  thus  to 
be  cleared  up.  These  substanoea,  restoring  the 
original  weight  of  the  organised  tissues,  part  of  which 
has  been  consumed,  and  has  been  separated,  render 
possible  the  continued  manifestation  of  all  rital 
actions. 

A  horse,  fed  on  potatoes,  and  compelled  to  work, 
loses  weight;  when  he  does  no  work,  his  weight 
remains  nDchanged.  It  is  obrious  that  the  work  per- 
formed consisted  in  a  waste  or  consumption  of  bodily 
parts  ;  and  the  quantity  <^  plostjc  substances  present 
in  the  whole  amount  of  potatoes  consumed  did  not 
suffice  for  the  full  reBtorati<»i  of  the  wasted  tissues. 
Hore  was  consumed  than  the  food  given  could  replace, 
and  hence  the  animal  began  to  show  signs  of  emacia- 
tion and  weakness. 

On  the  other  hand,  the  hoae,  which  is  abundantly 
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fed  with  bay  and  oats,  can  perform  a  certain  unoimt 
of  Iftbour,  witbout  anj  loss  of  weight  being  next  day 
perceptible.  When  the  same  amount  of  food  is  given 
to  the  aaimal  ia  a  state  of  rest,  it  becomes  heavier, 
increasJDg  in  weight  up  to  a  certain  point.  It  is  ploia 
thak  (he  food  produces  in  the  hodj  of  the  horse  a 
dSrtaio  sum  of  force,  which  maj  be  employed  either 
within  the  body  itself,  -  or  in  overcoming  external 
resistance.  If  this  force  be  used  in  the  performance 
of  work,  the  weight  of  the  body  remains  unchanged  ; 
but  if  employed  within  the  organism  for  vital  purposes, 
the  body  increases  in  bulk  in  all  its  parts. 

It  follows  from  this,  that  the  working  power  of  an 
animal  stands  in  a  fixed  ratio  to  the  excess  of  food, 
which,  in  the  state  of  rest,  increases  the  weight  of 
4he  body. 

If  our  interpretation  of  this  eternal  and  immnt&bte 
law  of  nature  be  not  false,  the  proportion  of  the  plastic 
constituents,  required  by  the  working  man  in  his  daily 
food,  cannot  be  less  than  that  which  nature  herse^ 
prepares  for  the  development  and  growth  of  the  humaa 
body  and  for  its  increase  in  all  its  parts.  Such  is  the 
proportion  found  in  human  milk.  The  diet  of  the  . 
working  man  should  therefore  contain,  for  four  parts 
of  non-nitrogenous  constituents,  one  part  of  plaaUe 
nutritive  matter. 

This,  indeed,  is  saying  no  more  than  is  well  known, 
since  the  world  and  its  inhabitanta  have  existed,  that 
the  man  who  has  to  do  that  amount  of  work  which, 
according  to  the  conditions  of  his  organism  he  can 

Serform,  must  add  to  his  bread  a  certain  amount  of 
esh  ;  that  according  to  the  structure  of  his  body  the 
proportion  of  the  plastic  to  the  other  constituents  of 
the  food  must  be  increased,  if  he  has  to  do  more  than 
average  work  ;  and  that,  in  the  state  of  rest  he 
requires  a  smaller  proportion  of  plastic  nourishment 

It  follows  further,  that  when  a  child,  deprived  of 
the  benefit  of  receiving  the  necessary  lopply  from 
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ibe  mother,  ia  fed  on  cow'b  milk,  which  contuns  a 
larger  proportion  of  plastic  matter,  milk-sugar  (or 
cane-Bugar)  should  be  added  to  the  cow'b  milk  ;  or 
when  it  is  fed  on  flour  paBte,  cow'b  milk  should  he 
added,  as  experience  haB  long  ago  tanght  us,  in 
order  to  obttun  the  same  effects  as  from  the  motirat's 
milk.* 

It  IB  further  obyions,  ae  indeed  every  one  knows 
to  be  the  case,  that,  if  a  child  or  young  person  be 
compelled  by  circumstances  to  eipend  in  work  ex- 
ternal to  the  body,  a  part  of  the  force  produced  in 
the  organism,  and  if  this  excess  of  expenditure  be 
not  compensated  by  proper  food,  or  cannot  be  com- 
pensated, becauBo  his  body  can  only  digest  a  certmn 
quantity  of  food,  his  bodily  deTelopment  miut  be 
deranged  and  impeded. 

The  admirable  experiments  of  Boussingault  prove, 
that  the  increase  in  the  weight  of  the  body  in  th« 
fattening  or  feeding  of  stock  (just  as  is  the  case  with 
the  supply  of  milk  obttuned  from  milch  cows),  is  in 
proportion  to  the  amount  of  plastic  constituents  in  the 
daily  supply  of  fodder.  These  experiments  were 
-  carried  on  for  months  with  pigs,  animals  poascBsing 
in  a  high  degree  the  power  of  converting  the  elements 
of  their  food  into  parte  of  their  body.  A  pig  was 
fed  excluBirely  on  potatoes,  under  which  feeding  it 
did  not  increase  in  weight ;  but  an  increaao  ia  weight 
was  observed  when  the  animal  got  a  diet  composed 
of  potatoes,  butter-milk,  whey,  and  kitchen  refuse.  i 
The  greatest  increase  took  place  when  the  food  was 
what  was  called  fattening  fodder,  consisting  daily  of 
potatoes  (9*741h.)  ;  ground  com  (0-90  Ih.) ;  rye  flour 
(0-64  lb.)  i  peas  (0-68  lb.);  butter-milk,  whey,  and 
kitchen  refuse  (0-92  lb.) 

Analysis  and  calculation  show  that  the  pig  received, 

•  Actording  to  a  calcnlition  by  Knapp,  a  loUier,  on  the  rations 
mentioned  U  p.  365,  coniDmst,  in  hii  dmil;  food,  for  10  puM  oi 
plaitic,  47  pull  of  non-nitrogvneui  mallet. 
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in  these  three  modes  of  feeding,  food  of  the  following 
proportione  of  the  plastic  to  the  other  constituents.* 

Proporlioii  of  tbe  plasUc  to  the  non-nitPogenooB  conitituoDti,  the 
Utt«r  cftUuUted  as  ttuth. 
The  pig  coDiumBd.  Plutic.     Non-aitrogenouB. 

la  poUtD  fodder,  for.         .     ]0  87 

In  mixed  fodder,  for      .     .     10  71 

la  fBtteuiiig  fodder,  for      .     10  fifi 

It  U  easy  to  see,  that  this  last  mixture  contwns 
the  same  proportion  of  plastic  and  n  on.  nitrogenous 
matters  as  is  found,  on  an  average,  in  grain. 

Qerman  agriculture  has  been  led  by  experience  to 
a  very  simple  method  of  converting  potatoes  into  a 
fattening  fodder  quite  similar  to  the  above-inentioned, 
and  to  grain  in  its  composition.  This  method  is  the 
foundation  stone  of  the  profitable  agriculture  of 
Germany  ;  and  it  consists  in  removing,  entirely  or 
to  a  great  extent,  and  by  a  purely  chemical  process, 
the  non-nitrogenoua  part  of  the  potatoes,  end  using 
the  residue,  which  contains  all  their  plastic  consti- 
tuents, to  feed  stock.  The  potatoes  are  reduced  to  a 
thin  paBt«,  and  placed  in  contact  with  malt,  by  the 
action  of  which  the  starch  is  converted  into  sugar. 
The  mash,  as  it  is  called,  is  now  mixed  with  beer 
yeast,  which  causes  it  to  ferment,  and  the  whole 
sugar  is  thus  destroyed.  By  distilling  the  fermented 
mash,  the  starch  of  the  potatoes  is  obtained  in  tbe 
form  of  spirits,  and  tbe  residue  or  dregs  forms  the 
most  Talued  food  for  fattening  stock. 

The  opinion  prevalent  in  other  countries,  that  the 
German  farmer  is  a  distiller,  for  the  sake  of  tbe 
spirits,  is  decidedly  erroneous.  He  distils  spirits,  in 
order  to  obtain,  at  the  cheapest  rate,  tbe  fodder 
which  is  indispensable  to  bun. 

'    This  method  of  concentrating  the  plastic  matter, 
proper  for  the  production  of  blood  and  flesh,  is  one 
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of  the  namerous  iDst&ncea  in  which  empirical  eiperi- 
meat  has  preceded  theory.  At  firet,  the  only  object 
was  to  obtain  the  spirits ;  then  it  became  desirable  to 
make  a  profitable  use  of  the  residue  ;  and  fioallj,  it 
was  found,  that  the  property  of  serring  as  fattening 
food  was  increased  in  potatoes,  by  the  procesa  of 
mashing  and  fermentation.  As  far  oa  regards  the 
propagation  of  this  kind  of  truths,  want  and  necessit;^ 
are  teachers,  whose  influence  and  power  of  convincing 
men  are  mightier  than  all  science. 

Front  what  has  been  said,  we  can  deduce  in  a 
manner  free  from  doubt,  the  true  siguificance  of  the 
plastic  constituents  of  food.  Secouiing  organised 
parts  of  the  living  \todj,  they  determine  the  continu- 
ance of  all  vital  phenomena. 

If  we  now  consider,  that  the  animal  body  is  not 
merely  a  source  of  mechanical  power  and  of  vital 
actions,  but  also  an  apparatus  for  producing  heat  ; 
that  the  amount  of  beat  daily  produced  in  the  body 
of  an  adult  man  would  sufGce,  in  the  course  of  a  year, 
to  heat  from  twenty  to  twenty-five  thousand  pounds  of 
water  from  the  freezing  to  the  boiling  point  ;  if  we 
bear  is  mind,  that  the  animal  heat  is  a  result  of  the 
combination,  in  the  body,  of  the  oiygen  taken  op  in 
respiration,  with  certain  constituents  of  the  food  or  of 
the  body  ;  and  that  the  daily  amount  of  heat  produced 
is  in  direct  proportion  to  the  amount  of  oxygen 
consumed ;  the  most  superficial  observation  teaches  us, 
that  the  elements  of  the  plastic  constituents  of  food 
can  have  only  a  very  secondary  share  in  the  produc- 
tion of  that  heat,  thus  daily  produced. 

In  fact,  if  we  compare  the  amount  of  the  plaatia 
matters  daily  consumed  with  that  of  the  oxygen  con- 
sumed in  the  same. time,  we  find  that  the  combustible 
elements  of  the  former  are  very  far  from  sufficing  to 
convert  into  carbonic  acid  and  water  the  whole  of  the 
oxygen  which  has  entered  the  blood.  The  animal 
body   takes   up  far  more    oxygen ;    the  horse,  for 
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example  fire  times,  the  pig  six  times,  as  nneh  M 
vould  be  required  for  the  most  perfect  combasticm 
of  the  plastic  matter  in  the  food. 

If,  therefore,  the  combustible  elements  of  the 
plastic  oonstitueotB  of  food  serred  for  the  prodnctioD 
of  heat,  the  whole  amount  of  tliese  Bubstances  con- 
smned  by  the  hm^e  in  his  hay  and  oats,  by  the  pig  in 
its  potatoes,  would  only  suffice  to  support  their  respi- 
ratory process,  and  coDsequently  their  animal  beat,  in 
the  horse  for  41  hours,  ia  the  pig  for  4  hoars  daily  ; 
or,  if  confined  to  plastic  food,  they  would  require  to 
consume  fire  or  Ux  tjmes  as  much  of  it. 

Bnt  even  in  this  last  ease,  it  is  exceedingly  doubt- 
fiil  whether  these  substances,  coasidering  their 
properties,  would,  in  tbe  circumstances  under  which 
they  are  presented  to  oxygen  in  the  organism,  pro- 
duce the  necessary  temperature  of  the  body,  and 
compensate  for  tlie  lose  of  heat ;  for  of  all  organio 
compounds,  the  plastic  coDstituents  of  food  are  those 
which  possess  in  the  lowest  degree  the  properties 
of  combustibility  and  of  developing  heat  by  th^ 
o^dation. 

Of  all  the  elements  of  the  animal  body,  nitrogen 
has  the  feeblest  attraction  for  oxygen  ;  and,  what  is 
stjtl  more  remarkable,  it  deprives  all  combustible 
elements,  with  which  it  combines,  to  a  greats*  or 
less  extent,  of  the  power  of  combining  wiQi  oxygen, 
that  is,  of  undergoiujf  combustion. 

Every  one  knows  the  extreme  combustibility  of 
phosphorus  and  of  hydrogen  ;  but  by  combining  with 
nitrogen  they  produce  compounds  entirely  de*titat« 
of  combustibility  and  inflammability  under  the  usual 
eircnautanoes.  Fhosphonu  takes  fire  at  the  heat 
of  the  body,  and  is  easily  oxidised  by  dilute  nitrie 
acid.  The  phosphuret  of  nitrogen,  a  white  body,  like 
chalk,  only  takes  fire  at  a  red  heat,  and  in  oxygen 
gas,  but  does  not  continue  to  bom,  and  is  not 
attacked  by  dilute  nitric  acid.  Ammonia,  a  compound 
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of  nitrogen  with  hydrogen,  contiuDs,  in  two  Tobmes, 
three  volumes  of  hjdrogen ;  but  in  spite  of  this 
IftTge  proportion  of  an  dement  so  inflammable  and 
Bombas^ble,  ammonia  cannot  be  set  fire  to  by  a  red 
hot  body,  and  even  in  pure  ozygen,  it  does  not  con- 
tinue to  bum.  Almost  all  compounds  of  nitrogen 
are,  compared  with  other  bodies,  difficultly  combus- 
tible, and  are  never  regarded  as  fuel,  because  when 
they  do  bum,  they  develope  only  a  low  degree 
j)f  heat,  not  sufficient  to  r^se  the  adjacent  parts  to 
the  kindling  point.  Only  cyanogen,-  which  contains 
much  carbon,  and  hydrocyanic  acid,  among  com- 
pounds of  nitrogen,  may  be  set  fire  to  in  the  gaseous 
form,  and  oontinnes  to  bum  when  kindled. 

It  is  precisely  so  with  albumen  in  the  alkaline 
blood.  If  we  compare  its  power  of  combining  with 
oxygen  with  that  possessed  by  the  non-nitrogenous 
bodies,  milk-sugar,  grape-sngar  or  fat,  it  has  much 
the  same  relation  to  them  as  silver  has  to  irou ;  and 
if  we  would  divide  the  elements  of  the  body,  according 
to  their  combustibility,  like  the  metals,  into  the 
classes  of  common  and  noble,  then  the  organised 
etmctures  of  the  body  consist  of  the  noblest  sub- 
stances found  in  organic  nature. 

Wherever  it  is  vouchsafed  to  the  feeble  senses  oS 
man  to  cast  a  glance  into  the  depths  of  creation,  he  Is 
compelled  to  acknowledge  the  greatness  and  wisdom 
of  the  Creator  of  the  world.  The  greatest  miracle 
which  he  is  capable  of  comprehending  is  that  of  the 
infinite  simplicity  of  the  means,  by  riie  co-operation 
of  which,  order  is  preserved  in  the  universe  as  well  as 
in  the  organism,  and  the  hfo  and  contiimed  existence 
of  organised  beings  are  secured.  Without  the  power- 
fal  resistance,  which  the  nitrogenised  constitnenta  of 
the  body,  in  consequence  c^  their  peculiar  nature  as 
compounds  of  nitrogen,  oppose,  beyond  all  other  parts, 
to  the  action  of  the  air,  organic  life  could  not  aub^t. 

If  the  albumen  of  die  blood,  which  is  derived  from 
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the  plastic  portion  of  the  food,  possessed  in  a  higher 
degree  the  power  of  supporting  respiration,  it  wonld 
he  utterly  unfit  for  the  prooess  of  nutrition.  Were 
albumen  as  such,  destructible  or  liable  to  he  altered, 
in  the  circulation,  bj  the  inhaled  ozjgen,  the  relatively 
email  quantity  of  it,  daily  supplied  to  the  blood  by  the 
digestive  organs,  would  quickly  disappear  ;  and  the 
slightest  disturbance  of  the  digefltire  function  would  ot 
necessity  put  an  end  to  life. 

As  long  as  the  blood  contains,  besides  albumen, 
other  substances,  which  surpass  it  in  attraction  for 
oxygen,  so  long  will  the  oxygen  be  unable  to  exert  a 
destructive  action  on  this,  the  chief  constituent  of  the 
blood  ;  and  the  significance  of  the  non-nitrogenous 
part  of  the  food  is  thus  made  clear. 

Starch,  sugar,  and  fat,  serve  to  protect  the  ot^an- 
ised  tissues,  and,  in  consequence  of  the  combination  of 
their  elements  with  oxygen,  tokeepup  the  temperatnre 
of  the  body. 

The  sulphurised  and  nitrogenous  constituents  of 
food  determine  the  continuance  of  the  manifestations 
of  force  ;  the  non-nitrogenous  serve  to  produce  heat. 
The  former  are  the  builders  of  organs  and  organised 
structures,  and  the  producers  of  force  ;  the  latter 
support  the  respiratory  process  ;  they  are  materials 
/or  reipiratiott. 

The  necessity  for  the  simultaneous  presence  (^ 
both,  of  the  plastic  and  respiratory  materials,  and  f<^ 
their  due  admixture,  is  now  obvious.  The  sum  of 
both,  daily  required  by  the  body,  depends  on  the 
amount  of  oxygen  taken  up  ;  their  relative  proportion 
depends  on  the  causes  of  loss  of  heat  and  expenditure 
of  force. 

With  an  equal  expenditure  of  force  in  work,  a  man 
requires,  in  summer,  a  less  supply  of  respiratory  food 
than  in  winter — in  the  south  less  than  in  the  north  ; 
and  if  men  consume  equal  weights  of  these  substances 
in  different  seasons  or  climateS)  they  are  found  in  one 
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CBBO— tb&t  of  ft  fruit  diet — to  1m  riclier  in  orrgen,  m 
ftre  vegetable  acids  and  sngar  ;  in  the  other — that  of 
the  train  oil  and  bacon  of  the  inhahitanta  of  Arctic 
regions — richer  in  combustible  elements. 

Neither  the  fonnation  of  orgsjis  from  the  consti- 
tuents of  the  blood,  nor  their  employment  .in  mani- 
festations of  force,  can  be  conoeived  without  the 
presence  of  non-nitrogenous  substances.  We  find,  in 
eggs,  for  10  parts  of  albnmen  15  parts  of  non- 
nitrogenoos  matter  (fat,  calculated  as  starch),  the 
greater  part  of  which  disappears  during  incubation. 
By  the  combination  of  the  elements  of  the  fat  with  the 
oxygen  of  the  air,  a  certain  amount  of  heat  is  deve- 
loped, and  the  action  of  the  external  heat  of  tncnbation 
asusted.  Carbonic  acid  and  water  are  formed,  and, 
by  the  latl«r,  the  water  lost  by  evaporation  is  in  part 
replaced.  Lastly,  by  the  presence  of  the  fat,  the 
influence  <^  the  oiygea  is  kept  in  equilibrium,  and 
reduced  to  the  due  measure  of  what  is  necessary  for 
the  formation  of  tiie  tissues.  But  an  animal  which 
respires  consumes  a  much  larger  amount  of  oxygen 
than  is  nsed  for  similar  purposes  in  the  egg  during 
incubation,  and  consequently  the  amount  of  respiratory 
matter  in  its  food  must  be  in  proportion  to  the  in- 
creased consumption  of  oiygen.  We  may,  perhaps, 
conclude  from  this,  that  the  proportion  of  non-nitro- 
genous to  plastic  matter  in  eggs,  is  the  minimum 
required  by  warm-blooded  animds  in  their  food  ;  the 
emiallest  proportion  consistent  with  life  under  any 
circumstances. 

Milk-sngar  and  grape-sugar  (which  latter  is  formed 
from  starch  and  cane-sugar  in  the  digestive  process), 
disappear  in  the  blood  with  extreme  rapidity,  so  that 
it  haa  only  in  very  few  cases  been  possible  to 
detect  them  in  the  blood.  In  like  manner  the  fat 
consumed  by  a  man  or  beast,  whose  weight  does  not 
change  from  day  to  day,  entirely  disappears. 

If  more  fat  be  added  to  the  food  oi  animals  than 
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correspondB  to  the  inhaled  oxygen,  the  ezoeas  U  stored 
in  cells,  the  walls  of  which  conust  of  the  same  auV 
atance  which  forms  the  chief  part  of  membraDo  and 
of  bones.  If  the  coustitueats  of  the  blood  or  of  the 
food  do  not  suffice  for  the  formation  of  these  cells,  the 
substance  of  the  musoles  is  employed  for  that  purpose ; 
the  animal  gains  in  fat,  and  loses  in  muscular  flesh. 
Beyond  this  point,  again — as  happens  in  geese  when 
fattened  in  a  certain  waj — the  fat  occumulatea  in 
the  blood,  causing  disease,  and  finally  death.  (Fetsos 
ia  the  Ann.  de  Chim.  et  da  Fhys. ;  Nout.  S^iie, 
HT.,  417.) 

If  animals  receire  in  their  food  a  larger  amount  both 
of  pla«tio  and  of  respiratory  matter  (not  fat]  than  ia 
required  for  the  support  of  their  vital  and  respiratory 
processes,  the  plastic  matters  accumulate  in  the  form 
of  flesh  and  cellular  tissue  ;  while  ^e  others  (sugar, 
mitk-sngar,  &o,)  are  oouTcrted  into  fat. 

This  important  fact ;  namely,  that  the  sugar  formed 
in  digestion  from  the  Btareh  of  grain,  potatoes,  and 
leguminous  seeds,  is  converted  into  fat  when  sufficient 
materials  are  ini^lied  for  the  formation  of  cells,  has 
been  placed  beyond  a  doubt  by  the  experiments  of 
Fersoi  and  Bouasiogault.  (Sea  the  llemoir  last 
referred  to,  p.  419.) 

It  has  already  been  pointed  out,  that  grape-sogar 
and  milk-sugar  have  a  composition  analogous  to  car- 
bonic acid.  For  one  equivalent  of  carbon,  carbonic 
acid  contains  two  equivalents  of  oxygen  ;  grape-sugar 
and  milk-sugar,  for  one  equivalent  of  carbon,  also 
contain  two  equivalents — namely,  one  equivalent  of 
oxygen,  and,  in  place  of  the  second  equivalent  of 
oxygen,  one  equivalent  of  hydrogen.  The  converMon 
of  sugar  into  carbonic  acid  ultimately  consists,  there- 
fore, in  a  formation  of  Hater,  or  at  least  depends  on 
that  fonnaUou.  The  oxygen  absorbed  in  respiration 
combines  with  the  hydrogen  of  the  sugar  to  form  water, 
and  when  the  hydrogen  baa  been  replaced  by  its 
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eqniraleDt  of  ozjgen,  the  sugar  at  once  passea  back 
into  carbonic  acid.  On  this  view,  no  true  combiutiDii 
of  carbon  occurs  in  the  living  body  ;  but  the  carbonic 
acid  is  formed  by  a  process  of  BubstitutioQ,  in  this 
cas^— one  of  decay,  or  slow  oxidation,  from  a  body  rich 
in  hydrogen,  the  hTdrogen  of  which  is  oxidised  and 
removed,  and  replaced  by  one  or  more  equivalents  of 
oxygen. 

The  proximate  condition  of  the  formation  of  fat, 
or  of  the  deposition  of  the  combustible  respiratory 
materials  in  the  cellalar  tissue  of  the  body,  is  a 
deficiency  of  tKcygen.  Were  the  supply  of  oxygen 
sufficient  to  convert  the  carbon  and  hydrogen  of  these 
substances  into  carbonic  acid  and  water,  these  el&- 
ments  would  be  expelled,  and  no  part  of  them  would 
be  aocumulated  in  the  body  in  the  form  of  fat. 

A  knowledge  of  the  phenomena  of  fermentation, 
ollowa  us  to  penetrate  into  the  processes  by  which,  in 
the  animal  body,  the  highly  oxidised  sugar  is  con- 
verted into  fat,  a  body  coutainiog  so  little  oijgen. 

Fermentation,  in  its  results,  is  always  a  resolution 
or  splitting  up  of  a  complex  atom  into  two,  one  of 
which  contains  most  of  the  oxygen,  the  other,  very 
little.  In  the  alcoholic  fermentation  of  sugar,  while 
two-thirds  of  the  oxygen  are  separated  as  carbonic 
acid,  we  obtiun  the  easily  infiammahle  and  combusti- 
ble alcohol,  much  less  rich  in  oxygen.  From  the 
same  sugar,  by  the  separation  of  two  oxidised  products, 
carbonic  acid  and  a  certain  amount  of  water,  we 
obtain  the  oU  of  potato  spirit,  (Fusel  oil,  oil  of  grun) 
which  approaches  still  more  closely  to  fat  oils  in  its 
physical  characters ;  and  when  the  separation  of 
carbonic  acid  is  accompanied  by  that  of  a  certain 
amount  of  hydrogen,  we  obtain  butyric  acid,  a  true 
oil  J  acid. 

The  origin  of  fat  in  the  animal  organism,  pre- 
supposes preelaely  similar  conditions  ;  we  regard  the 
formation  of  fat  as  the  result  of  two  processes,  which 
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occur  BimiiltuieonHl;,  One  ia  an  imperfect  proeesB 
of  oiidatioa  (of  decay  or  eremacausis),  b;  irhich  a 
eertain  amount  of  hydrogen  ie  separated  from  the 
elements  of  sugar  ;  the  other,  a  process  of  splitting 
up  a  complex  atom  (of  fermentation),  by  vhich  a 
certain  amount  of  oxygen  is  separated  from  the  ele- 
ments of  sugar,  in  the  form  of  carbonic  acid.  (See 
Animal  Chemistry.) 

The  opinion  that  this  transformation  is  determined 
by  a  ferment  in  the  lircr,  which  behaves  towards 
sugar,  in  the  production  of  fat,  as  saliva  does  towards 
starch,  or  as  the  lining  membrane  of  the  stomach 
does  in  digestion,  and  that  hence  the  liver  ia  the  seat 
of  this  process,  is  not  destitute  of  probability,  but 
requires  to  be  more  accnrately  demonstrated.* 

All  substances  which  serve  as  food  to  men  and 
animals  contain  always  and  under  all  circumstances  a 
certain  amount  of  fatty  matter,  or  of  bodies  analogous 
to  fats  in  their  characters.  The  flesh  of  wild  animals, 
however,  is  asually  devoid  of  fat. 

In  all  those  cases  in  which  the  weight  of  the  body 
and  the  quantity  of  fat  remain  unaltered,  we  may 
therefore  conclude,  that  fat,  sugar,  and  starch,  are 
exclusively  employed  in  supporting  respiration,  and 
that  the  latter  are  not  employed  to  produce  fat. 
The  formation  of  fat,  beyond  the  limit  of  the  quantity 
required  by  the  body  for  the  promotion  of  the  organ- 
ising processes,  or  the  deposition  of  fat  in  the  fatten- 
ing  of  animals,  is  always  the  result  of  a  misproportion 
between  the  respiratory  and  nutritive  pocesses,  and 

*  When  4  fmb  olf  ■  linr  i>  cnt  in  pi<«a,  conni  with  water, 
BDd  expoted  to  a  timpcntura  of  fiom  9n'6°  to  104°  F.,  a  nmuk- 
able  ferm«Dtation  bcgiru  after  four  or  lire  honn.  The  liver  be- 
come! covered  with  a  nmnber  of  gsa-bubhlei,  ehieflj  fonned  of 
hydrogen.  Each  babble,  at  it  riiei,  mty  be  liindted  at  the  larlace. 
Id  lo  open  venel,  during  the  Rnl  houn  of  thii  fermimlation,  no 
putrid  amell  ii  ahierTed.     It  ia  hence  obTioni,  that  the  liter  con- 

wbkh  u  taken  op  b;  Oie  slementa  of  the  fennent. 
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tattler  a  «gn  of  a  morbid  than  of  a  nonnal  healtbf 
atale.  Nature  has  destined  the  non-nitrogen  odb 
bodiea  for  the  support  of  the  animal  heat,  and  we 
find  all  food  moBt  wisely  compounded  for  this  object. 
Kattire  baa  given  to  the  orgaDiam  the  power  to  reduce 
every  disturbance  of  the  vital  functionB  to  a  minimum 
of  hurtful  effect  by  etoriog  np  the  excess  of  eom- 
bnBtible  eleroente.  These  elements,  in  the  form  of 
fat,  being  separated  irom  the  blood,  and  deposited 
externally  to  the  circulatory  system,  in  a  form  veil 
adapted  to  future  use,  the  blood  maintains  its  normal 
composition.  By  the  separation  of  the  combustible 
elements  from  the  blood,  a  deficiency  in  that  fluid  of 
the  oxygen  indispensably  necessaryfor  other  purposes 
is  prevented,  and  the  equilibrium  preserved. 

The  fact,  that  the  plastic  substances  also,  in  certain 
processes  of  decomposition,  as  in  putrefaction,  are 
resolved  almost  entirely  into  ammonia  and  oily  acids 
(butyric  and  valerianic  acids)  renders  conceivable  the 
opinion,  that  these  substances  may  serve,  under 
certun  circumstances,  far  the  production  of  fat  in  the 
animal  organism.  It  appears  at  all  events  significant 
in  regard  to  the  formation  of  fat  in  the  living  body, 
that  the  production  of  fatty  or  oily  acids,  such  as 
butyric  acid,  from  non-nitrogenoua  matter,  out  of  the 
body,  is  only  effected  by  ferments,  the  elements  of 
which  are  themselVes  in  the  condition  of  butyric  fer- 
mentation ;  and  it  is  not  altogether  improbable,  that 
in  the  living  body  also,  a  similar  relation  exists 
between  plastic  and  non-nitrogenous  bodies,  in 
reference  to  the  formation  of  fat. 

Equal  weights  of  the  different  respiratory  materials 
contain  very  unequal  quantities  of  comhustibis  ele- 
ments ;  as  may  be  seen  by  the  following  table: — 

flwpe  Saea.  Cum  Sugsr.  Starch.  Alcohol, 

Cubon  .     .    .      40-00            43-10  44-44  G2-18 

Hydrogen     .  .        6-66              6-43  617  1304 

Oijgm.    .     ■      i3-34            fll-47  4S-39  3478 

100-00          lOO'OO  100-00  100-00 
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The  amouDt  of  carbon  and  hydrogen  in  fatty  bodiea 
is  much  greater.  Olive  oil,  for  example,  contains 
77  per  cent.,  hog's  lard  and  mutton  suet  79  per  cent, 
of  carbon,  and  11  or  12  per  cent,  of  hydrogen.  All 
other  fate  have  a  composition  intermediate  between 
these  two. 

New,  since  the  power  of  these  substances  to  develope 
beat  by  their  combination  with  oxygen,  depends  on 
the  proportion  of  combustible  elements,  contained  in 
equal  weights,  and  since  the  amount  of  the  oxygen 
required  for  their  complete  combustion,  rises  with  that 
of  the  carbon  and  hydrogen  ;  it  is  easy  to  calculate, 
approximatively,  their  relative  values  as  producers  of 
heat  or  supporters  of  respiration.  The  following 
table  contains  the  different  respiratory  materials, 
airanged  in  a  series ;  the  numbers  express  how  much 
of  each  is  required  to  convert  a  given  weight  of 
oxygen  into  carbonic  acid  and  water ;  or,  approxi- 
mately, how  much  of  each  mnst  he  taken  in  the  food, 
in  order,  with  the  same  cousumption  of  oxygen,  to 
keep  the  body  at  the  same  temperature  during  equal 
times. 

100  P&t. 

240  Surch. 

249  CmDe-augBT. 

263  Gispe-augar  (dry),  Milk-«ug»r  (erjst). 

266  Spirit!,  of  50  per  udU  of  AlcohoL 

770  Freih  leta  flesh. 

Hence  it  appears,  that  1  lb.  of  fat  performs  the 
game  amount  of  work,  in  respect  to  the  respiratory 
process,  as  2i  lbs.  of  starch,  or  2i  lbs.  of  caneHsugar, 
or  7-^  lbs.  of  muscular  flesh. 

Fat  is  the  best,  muscular  fibre  appears  the  worst  of 
all  respiratory  materials.  In  calculating  the  respira- 
tory v^ue  of  muscle,  it  has  been  assumed,  that  the 
flesh  consumed  as  food  is  ultimately  transformed  into 
urea,  carbonic  acid,  and  water.  This  supposition  is 
only  true  in  part ;  for,  in  the  urine  and  the  intestinal 
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secretions,  other  compounds  of  nitrogen  ore  excreted, 
which  contain  a  much  larger  proportion  of  carbon 
than  urea.  At  all  events,  that  portion  of  carhon 
which  is  separated  in  the  form  of  compounds  of 
nitrogen  takes  but  a  Terj  insignificant  share  in  the 
production  of  the  heat  of  the  body. 

The  plastic  matters  in  the  food  contain  nitrogen 
and  carbon  in  the  proportion  of  1  equivalent  to  8> 
If  no  other  nitrogenous  body  than  urea  were  con- 
tained in  the  urine,  urine  would  be  found  to  ^eld, 
for  1  equivalent  of  nitrogen,  only  1  equivalent  of  car- 
bon. But,  in  his  experiments  on  the  nutritive  prooesa 
in  the  horse  and  cow,  BoussingauU  found,  in  the 
wine  of  the  horse,  nitrogen  and  carbon  in  the  pro- 
portion of  1  equiTalent  to  6 '6  equivalents  ;  and  in 
tiiat  of  the  cow,  1  equivalent  to  16.  (Ann.  de  Chtm. 
et  de  Phys.  lxxi.  122.)  In  special  experiments  made 
on  this  point  in  my  laboratory,  there  were  found  in 
the  urine  of  the  horse,  for  1  equivalent  of  nitrogen, 
5  equivalents  ;  in  that  of  the  cow,  8  equivalents  ;  in 
human  urine,  1 '8  equivalents  of  carbon.  The  excreta 
of  a  pig,  liquid  and  solid  taken  together,  the  food 
having  been  potatoes,  contained  nitrogen  and  carbon 
in  the  proportion  of  1  to  10  equivalents.  These  facts 
might,  perhaps,  justify  the  conclusion  that  the  com- 
bustible elements  of  the  plastic  matters  in  the  food, 
in  many  animals,  are  either  not  sent  out  from  the  body 
through  the  skin  and  lungs  at  all,  or  are  so  only  to 
a  very  small  extent,  and  that  we  can  hardly  assign 
to  them  any  share  in  the  production  of  the  animal 
heat. 
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In  the  two  preoeding  letters  there  has  been  ascribetl 
to  certain  constituents  of  seeds,  roots,  tubers,  herbs, 
fruits,  and  flesh,  the  power  of  supporting  the  processes 
of  nutrition  snd  respiration  ;  and  it  will  appear  as  a 
very  strikiog  contradiction,  when  it  is  stated  that  no 
one  of  these  substances,  by  itself,  neither  cueine 
alone,  nor  the  substance  of  muBCuIar  fibre,  the  albu- 
men of  eggs  or  of  the  blood,  nor  the  corresponding 
vegetable  products,  are  able  to  support  the  plastic  or 
formative  processes ;  that  neither  starch,  sugar,  nor 
fat  can  sustain  the  process  of  respiration,  Svj,  it 
may  excite  still  greater  astonishment,  to  add,  that 
these  substances,  even  when  mixed,  no  matter  in 
what  proportions,  are  destitute  of  the  property  of 
digestibility,  without  the  presence  of  certain  other 
substances ;  so  much  so,  indeed,  that  if  these  other 
conditions  be  excluded,  the  above  named  compounds 
are  utterly  unable  to  efiect  tbe  continuance  of  hfe  and 
of  the  vital  pbenomeDa. 

In  the  numerous  experiments  of  physiologists  and 
chemists,  in  which  the  attempt  was  made  to  feed 
animals  with  these  substances,  alone  or  mixed 
together,  all  the  animals  died,  after  a  shorter  or 
longer  time,  with  the  appearances  which  accompany 
ttanation.  Even  after  a  few  days,  the  utmost  tor. 
tures  of  hunger  were  found  insufBoient  to  induce  these 
animals  to  take  the  food  offered  to  them ;  since  the 
experience  of  these  few  days,  and  their  instinct,  at 
first  deceived,  told  them  that  the  introduction  of  this 
food  into  their  stouiachs  was  as  truly  indifferent  or 
useless,  for  the  purposes  of  nutrition,  as  the  eating  of 
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On  the  other  hand  it  is  a  &ct,  confirmed  by  the 
eipenence  of  thouaanda  of  years,  that  flesh  and  bread, 
either  separately  or  niiied  together,  as  well  as  the 
milk  of  animals,  sufSce  to  support  life  in  full  vigour, 
without  the  necessity  of  adding  any  other  substance 
whatever.  And  hence  it  follows,  necessarily,  that 
these  articles  of  food, — flesh,  bread,  and  milk, — and 
likewise  tbe  plants,  or  parts  of  plants,  consumed  by 
the  herbivorous  animal,  must  contain,  and  in  the  due 
proportion,  those  other  conditions,  the  presence  and 
co-operation  of  which  is  indispensably  necessary  for 
the  processes  of  digestion  and  nutrition. 

These  necessary  matters,  Bssential  to  the  organic 
processes,  by  the  presence  of  which  the  plastic  con- 
etitnents  of  food  and  the  respiratory  materials  acquire 
those  properties  which  render  them  fit  and  proper  for 
the  support  of  life,  are  the  ineombuttiUe  eonttituenlt, 
or  the  talis  of  the  blood. 

The  incomhaetible  parts  of  the  blood  of  all  animala 
are  of  the  same  nature  and  quality.  Leaving  out  of 
view  such  as  ore  accidental  or  variable,  the  blood,  at 
all  times  and  under  all  circumstances,  contains  certain 
quantitiea  of  Phosphoric  Acid,  of  Alkalia  [potash  and 
soda),  Jlkaline  Sarths  (lime,magnesia).  Iron  (oxidised), 
and  Common  Salt  (chloride  of  sodium). 

All  these  matters,  before  they  became  parts  of  the 
blood,  were  constituents  of  the  food  of  man  or  of  the 
fodder  of  animals.  If,  then,  it  be  true,  that  these 
substances  take  or  have  taken  a  necessary  and  deter- 
mining part  in  converting  the  constituents  of  food  into 
constituents  of  the  body,  it  follows,  that  no  kind  of 
food  can  suatain  life,  in  which  these  substances  are 
wanting  ;  that  all  kinds  of  food  for  man  or  animals, 
which  possess  full  nutritive  power,  must  contun  these 
bodies  in  the  proportions  adapted  to  the  formation  of 
blood  ;  and  that  we  can  deprive  the  food  of  its  san- 
gnific  properties,  if  we  deprive  it  of  these  conditions, 
indispensable  to  those  peculiar  properties. 
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Analytical  obemiBtiy  has  famished  tlie  steictest 
proofs  of  tlie  juBtLce  of  tliese  oonclusiona,  by  showing, 
that  turnips,  potatoes,  and  the  herbs  eaten  by  the 
herbivora,  contain  the  eame  incombustible  constituenta 
M  their  blood,  and  very  nearly  in  the  same  proporticHi.* 
The  constituents  of  the  ash  of  the  blood  of  gramimTO< 
rous  aoimals  are  identical  with  those  of  the  ash  of 
grain  ;  the  incombastible  constituents  of  the  blood  of 
men  and  of  such  animals  as  consume  a.  mixed  food, 
are  the  constituents  of  the  ashes  of  bread,  flesh,  and 
Tcgetables.  The  camirorous  animal  contains,  in  its 
blood,  the  constituents  of  the  ash  of  flash.t 

The  blood  of  all  animals  has  invariably  an  alkaliaa 
character,  arising  from  the  presence  of  a  free,  £  zed  alkali. 

All  articles  of  food  which  alone,  as  bread  and  flesh, 
or  when  mixed  with  vegetables,  are  capable  of  sostaio- 
ing  the  process  of  sanguification  and  nntntion,  contain 


*PlioaphoricuJd   14-SO     14-043      13-7  14-13         16-83 

Alkftliea  .    .    .    5£79    S9-97       49-45        £2  00        ££-44 
AlluliDB  nrthi       4-87      3'64        14-08        13-58  6-74 

Carbonic  acid    .      19-47     18.86         12.42  8  03  13.00 

The  uhea  are  calculated  io  100  paru,  after  deducting  the  com- 
mon lalt  and  iron,  the  lonB  or  deficiency  in  100  pacta  coouBts  of 
accidental  conatilueiits,  a>  lulphuric  acid,  lilica,  &c 

Chease  made  with  rennet,  in  ihii  caie  Qrujere,  containi,  acterd- 
inf  to  the  analjili  of  Johnaton,  for  45  parte  of  phoaphoric  uU  oolj 
13-48  of  alkaliea,  and  41  of  Hme  and  magneiia. 


f  Phoaphoiic  acid 
Alkalies 

Alkaline  eartbi    ■ 
Silidc  add,  and  Snlphoiic 

Phosphoiie  add    . 
AlUliei 

Alkaline  eartlii     . 
3ilicia  acid,  azid  Solphurit 
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THE  BLOOD  IS  ALKALINE.  iSS 

Mrbonie  acid  or  piios[Aorte  acid,  and  alkalies,  the  two 
latter  in  each  proportion  that,  if  we  Buppose  them  dia< 
tolTed,  the  alkalies  inTariably  predotninato. 

That  this  free  alkali  plays  an  indispensable  part  in 
the  process  of  sanguification  and  in  the  functions  of  the 
blood,  is  plainly  seen  in  the  before-mentioned  expen- 
ments  of  the  French  Boademicians  ;  for  the  dogs, 
which,  when  fed  on  animal  fibrine,  on  csseine,  or  on 
flesh  boiled  and  pressed  out,  died  of  starvation,  re- 
ceived, in  these  forms  of  food,  a  quantity  of  alkalies 
altc^ther  insufficient  for  sanguification,  Fle«h,  from 
which  the  fliiida  have  been  pressed  out,  contains  phos- 
phoric acid  and  alkalies  in  such  a  proportion,  that  if 
we  suppose  them  dissolved,  the  aoid  and  not  the  alkali 
predominates.  If  both  could  become  at  the  same  time 
constituents  of  the  blood,  the  blood  would  have  an  acid 
and  not  an  alkaline  re-action. 

But,  on  a  closer  examination,  an  acid  state  of  the 
blood  appears  to  be  utterly  irrecoricileable  with  the 
fiinctions  which  it  bos  to  perform  in  the  nutritive  and 
respiratory  processes.  The  free  alkali  gives  to  the 
blood  a  number  of  very  remarkable  properties.  By 
its  means  the  chief  constituents  of  the  blood  ere  kept 
in  their  fluid  state  ;  the  extreme  facility  with  which 
the  blood  moves  through  the  minutest  vessels,  is  due 
to  the  small  degree  o^  permeability  of  the  walls  of 
these  vessels  for  the  alkaline  fluid,  The  free  alkali 
acts  as  a  resistance  to  many  causes,  which.  In  the 
absence  of  the  alkali,  would  coagulate  the  albumen. 
The  more  alkali  the  blood  contains,  the  hieher  is  the 
temperature  at  which  its  albumen  coaguIateB  ;  and 
with  a  certain  amount  cif  alkali,  the  blood  is  no  longer 
coagulated  by  heat  at  i^L  Oq  tho  alk^i  depends  a 
remarkable  property  of  the  blood, — that  of  dissdving 
the  oxides  of  iron,  which  are  ingredients  of  the  colour- 
ing matter  of  the  blood,  as  well  as  other  metallic 
oxides,  BO  as  to  form  perfectly  transparent  solutions. 

The  free  alkali  plays  k  peculiarly  important  part  in 
cc 
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the  processes  of  respiration  and  secretion,  wUcli  ve 
Bball  explain  more  minutelj  in  consideriag  the  arine. 

The  significance  and  importance  of  phosphoric  acid 
in  the  vital  process  is  obvioaa,  when  we  rememberthat 
this  acid  is  a  never-failing  ingredient  of  all  the  organised 
structures  of  the  animal  body.  The  substance  of  mus- 
cular fibre,  the  fibrine  of  blood,  the  pulmonarj  tiasnes, 
the  liver  and  the  kidneys  contain  a  certain  amount  of 
phosphoric  acid  in  chemical  combination.  The  ashes 
or  incombustible  ingredients  of  the  fluids  of  the  flesh 
are,  in  all  animals,  of  the  same  nature  and  quality. 
They  consist  of  alkaline  phosphates,  phosphate  of 
potash,  and  phosphate  of  magnesia.  The  bones  of 
the  vertebrata  contain  more  than  half  their  freight  of 
the  phosphates  of  lime  and  magnesia.  The  substance 
of  the  brain  and  the  nerves  contain  a  phosphoric  acid, 
coupled  with  a  fat  or  v'tih  a  fatty  acid,  the  phosphoric 
acid  being,  partly,  in  combination  with  an  alkali.* 

The  phosphoric  acid  contained  in  these  tissues  is 
derived  from  the  blood.  The  blood  contains,  under 
all  circumstances,  a  certain  amount  of  phosphoric  acid. 

In  the  present  state  of  science,  it  is  not  yet  possible 
to  exp^ss  a  decided  opinion  as  to  the  mode  of  action 
of  the  phosphoric  acid  in  the  organic  process,  and  we 
must  for  the  present  be  satisfied  with  deducing,  from 
its  constant  presence  in  all  the  juices  and  organised 
tissues  of  the  body,  the  conclusion  that  it  is  indispen- 
sable for  the  vital  operations. f 

•    AalieboT  FiM  Ftmipboile     Alkillna         Euth^ 

Arid.         Pbogplutu.  PboaiiluLiM. 
Hone  flctt  <Dr.  Weber)    ,       262  80-96  lB-42 

Vt;ii.T"  *"':!  '"'     "*     '™ 

Ox  brain  (Dt.  Breed)      .     .      16-67  1i-il  9-03 

Yolk  of  %g  (Dr.  Polali)    .     3674  27'2S  31-70 

The  plioqthatn  m  cilcuUied  unrding  Co  tha  formula  P  O,, 
Q  M  O.     The  hone  fl«h  wu  from  the  fore-leg  of  ■  leui  hane, 
•ntirelj  freed  from  blood  br  wttbing  oat  the  bnclusl  irterv  bv 
injecHm. 
.  t  Some  beta  laen  to  bvonr  tli«  o^nian,  Oai    ~      ~      '     ' 
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If  ve  imagine  tlie  animal  orgsnism  to  be  divided 
into  two  partH,  obaerrsCion  ahoiTB  that  the  changes 
going  on  m  these  are  effected  in  one  by  the  co-opem- 
tion  of  a  predominant  alkali,  in  the  other  bj  that  of  a 
free  B«id. 

All  organised  solid  parts  contain  alkaline  bases  and 
phosphoric  acid,  in  such  a  proportion  that  if  we  sup- 
poae  them  combined,  the  phosphoric  acid  predominates. 
(See  note,  p.  386.) 

The  blood  contains  an  excess  of  fixed  alkali ;  but 

ftdd,  uid  tho  add  euthj  photphatei  can  form  truo  chemi<&l  com^ 
pouodi  witb  ■Ibumen,  ud  with  the  lubttuiM  of  the  membranci ; 
mud  thai  mUT  p«culiuilie>  of  the  Utter,  u,  for  eimaple,  their 
ia»lDbIlit7  ia  nler  uid  io  HJkBliae  fiuida,  depend  on  thii  caute. 
If,  for  eumple,  we  idd  to  milk,  outiDnalj,  a  diluted  acid,  till 
the  tjkaline  re-aetion  ditappean,  and  then  heat  it  Id  boiling,  ii 
now  coegalalet  like  white  of  efg.  The  eaKina,  thai  precipitated, 
diffen  verj  eiieutLallj  from  pars  cajeinc,  bj  ita  iuaolubility  in 
alkaline  fluidi.  The  cauine  coagulated  ftom  milk  by  rennet  ha* 
tbe  nme  charaeten.  Both  are  eompvuDda  of  eaaeiue  wiUi  iha 
phorphatfli  of  the  alkaline  eartha  (liioB  and  m^neaia);  or  if  vo 
c<uuider  the  w-called  pure  caieins  aa  a  emnplei  icdd  eoDtMning 
photpboric  acid,  the  intaluble  cueiae  it  the  limeormague^  tall  of 
thii  add.  The  phoaphale  of  lime  enatjng  in  commou  gelatins  in 
chemical  combination  liBfl  a  moit  dedded  than  In  giring  to  that 
■ubiUnce  the  property  of  forming  a  jell;.  It  ii  well  known,  that 
bj  continued  boiling  of  animal  akina  and  bonea  there  ia  obtained  a 
■olution  of  glue,  which,  on  cooling,  forma  a  ttiff  jellj.  But  if  the 
■olution  of  thia  jelly,  alone,  or  with  the  addition  of  alkali,  he  boiled 
for  t.  atill  Uinger  Ume,  it  loaea  the  properly  of  gelatioisiag,  and  it 
the  aame  time  pboaphale  of  Ume  ia  aeparated. 

The  Terr  peculiar  behaviour  of  the  fibrine  of  blood  in  contact 
with  hydroehlaTic  acid  bat  been  pointed  out  at  p.  2^6.  When  iha 
fibtioe,  wbid:i  la  tbe  dilate  acid  liquid  hai  awelled  up  to  a  jell;, 
ia  heated  to  boiling  with  the  hqnid,it  diieolTet,  fanning  a  lolution 
that  nuj  befiltered,inwhtchidioipborJcacidaadlimBmay  now  be 
delected  by  le-agenta ;  and  by  tbe  leparatton  of  tbeae  two  bodiea 
from  the  organic  ingredient,  tbe  fibrine  of  blood,  exactly  like 
gelatine,  becomei  Boluhle  in  cold  water.  It  it  prohahle,  that  the 
OMgulation  of  albumen,  of  the  aerum  of  blood,  and  of  eggi  de- 
penda  on  the  lepaiatioB  of  alktJi,  and  the  fbrmation  <if  a  new 
compound  of  albumen  with  phoaphoric  add  and  lime,  imolable  iq 
Iho  cold,  in  water,  dilate  adda,  uid  alkaliea. 
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the  lympb  and  ohyle  also  hare  an  alkiJine  re-action  ; 
and  it  would  appear  to  follow,  from  this,  that  on  the 
alkali  depend,  not  only  oert«n  properties,  bnt  also  the 
formation  and  production  of  the  blood. 

The  formation  and  production  of  the  org^ised 
stmctnreB  cannot  1>e  imagined  without  an  ezceu  of 
phoaphorio  acid. 

A  Rimilar  controst  is  obserred  in  the  egg.  The 
white  of  the  hen's  egg  contains,  among  its  incombui- 
tible  constituents,  an  excess  of  alkali ;  the  jolk  containa 
free  phoaphorio  acid.     (See  note,  p.  386.) 

When  we  compare  the  ashes  of  the  blood  of 
herbiTorous,  graminivorous,  and  carnivorous  animals 
together,  we  observe,  in  the  proportion  of  the  alkalis 
to  the  phosphoric  acid,  most  eitraordinaij  differences. 

The  blood  of  the  pig  and  of  the  dog  contains  3S 
per  cent,  that  of  fowl  above  40  per  cent,  that  of  oicn 
and  sheep  not  more  than  from  14  to  16  per  cent  of 
phosphoric  acid.  (See  note,  p.  384.) 
'  How,  it  may  be  asked,  ore  such  marked  differences 
to  be  reconciled  with  the  constant  functions  of  the 
blood  ?  If  the  incombustible  ingredients  of  ox 
blood,  in  the  proportions  therein  found,  be  necessarj 
for  the  vital  changes  in  the  bodj  of  the  oi,  how  can 
we  explain  the  fact,  that  the  blood  of  the  pig  or  dog, 
with  a  composition  so  different,  can  serve  the  same 
purposes ;  which  purposes  we  see  attained  in  them 
exactly  in  the  same  way  as  in  the  body  of  the  animaJa 
fed  on  grass  ?  In  fact,  analysis  can  discover  no  dif- 
ference in  the  composition  of  the  organs  or  of  those 
parts  of  the  body  external  to  the  blood  vessels,  as  far 
as  concons  these  incombustible  constituents.  While 
the  ingredients  of  the  ashes  of  Ae  blood  of  herbivorous 
and  carnivorous  animals  differ  to  such  an  extent,  that 
we  can  at  once  distinguish  them  by  analysis,  merely 
by  observing  the  amount  of  phosphoric  acid  in  each. 
it  is  utterly  impossible,  by  analysing  the  incombusti*  ' 
ble  bgredienU  of  tke  fie$h,  to  diitiugniah  that  of  ths 
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oz  from  that  of  the  pig  or  dog,  or  to  say,  which  ashes 
have  been  obtained  from  the  flesh  of  the  carniTorous 
or  of  the  herbivorous  animalj  The  ashes  of  the  juice 
of  flesh  of  the  oi,  calf,  sheep,  pig.  dog,  marten,  foi, 
and  fishes,  always  contain  phosphoric  acid  and  allialies 
in  the  same  proportion  as  the  pyrophosphates  (bibasic 
phosphates).  Those  parts  of  the  muscular  substance, 
of  the  oellijar  tissue,  of  membranes,  of  the  pulmonaiy 
and  hepatic  tissues,  which  are  insoluble  in  cold  water, 
always  contain  an  excess  of  phosphoric  sold,  so  that, 
in  their  iuciueration,  certain  qaantities  of  metaphos- 
phates  (monobasic  phosphates)  aro  always  formed. 

But  if  the  constituent  parla  of  the  organs  and  of 
all  the  tissues  of  the  herbivora  are,  in  regard  to  their 
incombustible  etementa,  of  ^e  same  composition  as 
those  of  the  camivora  ;  if  the  variation  or  increase 
of  the  amount  of  phosphoric  acid  in  the  blood  does 
not  alter  nor  increase  the  amomit  of  this  acid  in  the 
flnids  of  the  mnscular  system  and  iu  the  tissues,  and 
its  diminution  in  the  blood  does  not  diminish  its  amount 
in  those  other  parts,  it  follows,  of  course,  that  the 
increase  of  phosphoric  acid  in  the  blood  has  no  influ- 
ence whatever  wi  the  process  of  formadon  of  the 
blood  itself. 

The  blood  carries  to  all  parts  of  the  body  the 
necessary  phosphoric  acid,  and  must  therefora  always 
contain  a  certain  amount  of  that  acid  ;  but  the  phos- 
phoric acid  plays  no  part  iu  sanguification  or  in  the 
fuDctioDB  of  the  blood,  because  its  properties  as  an  acid 
entirely  disappear  in  the  excess  of  alkali  in  the  blood. 

In  the  blood  of  animals  belonging  to  different 
classes  in  respect  to  their  food,  we  oliserve  a  variation 
in  two  ingredients,  namely,  phosphoric  acid  and  car- 
bonic acid  ;  but  this  difference  in  composition  is 
,  without  any  influence  on  the  properties  of  the  blood, 
which  ret«ns  its  alkaline  character.  In  the  blood  of 
the  hethirora  we  find  the  alkali  in  part  combined 
with  carbonic  acid  ;  in  that  of  the  camivora  we  find 
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this  c&rboDic  acid  repreaented  and  replaced  by  phoB' 
plioric  acid,  ^thout  a.nj  alteration  of  the  character 
or  of  the  fanctionB  of  the  blood.* 

This  is  again  one  of  the  numberleM  &ct8,  which 
fill  with  inexpresHible  admirsdon  the  soul  of  the 
ohserrer  of  natural  arrangements  ;  namelj,  that  an 
alkaline  phosphate  is  identical  in  its  properties  vith 
an  alkaline  carbonate.  Cootrar;  to  all  koovn  laws, 
it  appears  to  the  chemist  like  a  miracle,  that  two 
acids,  a  goseons  one  and  a  fixed  one,  one  of  the 
weakest  and  one  of  the  stroogest,  which  of  all  acids 
differ  ipost  in  composition,  can  form,  with  the  alkalies 
found  in  the  blood,  compounds  of  the  same  chemical 
character.  Phosphate  of  soda  has  an  alkaline  taste 
and  reaction,  like  the  carbonate  ;  and  its  solution  in 
presence  of  free  carbonic  acid  takes  up  as  much  of 
that  acid  as  the  carbonate  of  soda  does,  and  like  it, 
oslj  more  easilj,  gives  it  ofi'  by  agitation  with  air,  in 
vacuo,  or  by  evaporation,  without  losing  its  power  of 
again  absorbing  the  carbonic  acid. 

It  is  easy  from  this  to  understand,  that  if  certain 
functions  belong  to  the  blood,  which  depend  on  its 
chemical  character,  on  its  alkaline  quality, — that,  for 
these  objects,  a  change  of  the  acid  combined  with  the 
alkali,  tiie  replacement  of  the  carbonic  acid  of  the 
carbonated  alkali  by  phosphoric  acid,  and  vice  vergd, 
has  no  influence,  because  it  causes  no  alteration  of  the 
essential  properties  of  the  hlood. 

•   Aibeao 
Phosphoric  ujd 

^^."f  :*^^I"|      *»■"»«  «fi'"8  80-576 

Cu1»iiicadd  .    .    .    .       3'7S3  9-8tS  ]BiH 

Tb«e  >di1;k^  b;  Dr.  Veideil,  ibov.  Hut  u  the  unoant  of 
pboipboiic  BcLd  dimmiBbeB,  tfaftt  of  cirbomc  B£id  iuctcaka.  The 
di&reare  in  the  quintilr  of  nUulie)  )>,  in  put,  oolj  ■ppuent,  for 
the;  cDDDit  of  potuh  and  lodi,  of  vhich  we  know  thi(  tbef 
replue  euh  other  in  Tciy  noeqiuil  welghti.  Conunon  nit  end 
Inm  hsTs  been  dedacted.  What  ii  nuting  of  100  pvti  ii  Kid- 
dental  ujgndient*. 
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The  blood  is  the  common  soil,  from  nhich  all  p&rts 
of  the  Imng  body  are  deyeloped  iu'all  animals  in  the 
aame  way,  and  with  the  Bome  unchangeable  compo* 
sitioa  ;  but  It  ia  at  the  same  time  the  aonrca  of 
animal  heat,  and  its  canals  are  the  passages  through 
which  the  matters  unfit  for  the  Tital  changes,  and  the 
worn  oat  parts  (the  products  of  the  change  of  matter) 
are  carried  to  tLe  organs  of  secretion  and  thus 
expelled  from  the  body. 

For  these  purposes,  the  blood  must  possess  all  the 
necessary  conditions.  In  the  combustible  ingredients 
it  baa  the  natters  which  are  to  become  the  organs 
of  vital  activity,  or  are  to  aerve  for  the  produ'ction  of 
heat ;  and  in  the  incombustible  constituents  it  baa 
the  indiapenaable  conditions  of  its  efficiency  in  these 
respeota.  In  the  formative  process  we  see  the  phos- 
phoric acid  (and  besides  it  no  other  fixed  or  incom- 
buetible  acid)  perform  a  defined  part.  The  processes 
of  sanguification,  of  the  production  of  heat  and  of 
secretion,  are  carried  on  under  the  influence  of  a 
predominating  alkali. 

The  partial  replacement  of  phosphoric  acid  by 
carbonic  acid,  and  vice  vertS,  which  may  take  place 
in  the  blood,  without  alteration  of  its  properdes, 
explains  how  it  happens  that  the  change  from  vege- 
table to  animal  diet,  causes  no  change  appreciable 
in  ordinary  circumstances  in  the  body  of  tnan,  although, 
by  that  change  of  diet,  an  essential  difference  in  the 
composition  of  his  blood  as  regards  tlie  incombustible 
constituents  is  produced. 

We  can  now  with  the  greatest  ease  and  certiunty 
determine  beforehand,  from  the  known  composition 
of  the  ashes  of  the  food,  the  nature  and  quality  of  the 
incombustible  constituents  of  the  blood ;  since  we 
know  that  those  of  the  blood  are  derived  from  the 
food,  and  that  both  are  identical. 

When  the  food  consists  of  bread  or  flesh,  which 
leave  in  their  ashes  no  carbonates,  but  only  phos. 
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phates,  the  blood  oootMas  only  phosphates ;  if  We 
ftdd  to  the  bread  or  floHh,  potatoes  or  green  Teg»> 
tables,  the  blood  acqairea  a  certain  amount  of  aUialiDe 
carbonates  ;  if  we  rejJace  the  bread  and  fleah  entirely 
by  fruits,  roots,  or  green  vegetablea,  the  blood  m 
man  acquires  the  compoution  and  quality  of  that  of 
the  oz  or  sheep. 

But  although  the  exchange  of  pbo^orio  and  cai^ 
bonic  acids  in  the  blood,  ichen  the  diet  is  changed 
from  animal  to  vegetable,  appears  to  bare  no  influence 
on  the  processes  of  sanguification,  nntritwn  and  pro- 
duction of  heat,  yet  tbe  process  of  secretioa  is  very 
essentially  modified  in  its  form  by  this  exchange. 

It  is  evident,  that  in  the  normal  state  of  health,  in 
which  the  weight  of  die  body  of  man  or  animals  does 
not  change,  the  alkalies,  alkaline  earths,  phoephorie 
acid,  and  oxide  of  iron,  reodved  in  the  food,  do  not 
accumulate  in'  the  body,  but  are  daily  expelled  in  the 
same  proportion  as  they  are  introduced  iu  the  food. 

We  know  with  perfect  certainty,  that  this  ezcretioo 
is  effected  by  two  organs  of  secretion,  namely,  the 
kidneys,  and  the  intestinal  eanal. 

Tbe  constituents  of  the  ashes  of  the  urine  and  i4 
the  solid  excreta  are,  in  the  normal  state,  equal  in 
weight  to  the  incombustible  ingredients  in  the  food  ; 
it  is  only  when  tbe  individual  increases  in  organised 
parts,  that  is,  in  weight,  that  certain  quantities  of 
phosphates  are  retained  in  the  new  parts  as  behmging 
to  their  compontion. 

A  knowledge  of  the  incombustible  constKaeule  of 
the  food  of  healthy  men,  or  of  the  fodder  of  aninuUs, 
enables  us  to  conolude  with  mathematical  certainty, 
from  the  nature  of  the  food,  as  to  that  of  the  urine 
and  solid  excreta,  aod  to  predict  what  must  be  the 
reaction  of  the  urine,  and  in  what  proportion  these  con- 
stituents are  to  be  found  in  the  urine  and  feces. 

The  incombustible  constituents  of  bread,  flesh, 
seeds,  roots,  tubers,  herbs  and  fruits,  are,  in  tJl  these 
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fcrticl«s  of  food,  of  tha  ume  nature  and  qutdity,  but 
in  Tory  different  proportions.  They  may  be  eatily 
diatii^^shed  from  one  another  by  their  properties. 

Th«  alkalies  (potash,  soda,}  are,  both  alone,  and  in 
MmbinatioD  with  phosphoric,  sulphuric,  and  carbonic 
adds,  easily  soluble  in  water. 

The  alkaline  earths  (time,  magnesia,)  are  in  their 
neutral  compounds  with  phosphoric  and  carbonie 
Mids,  insoluble  in  water. 

The  ettrbonatM  of  the  alkaline  aarths,  on  the  other 
hand,  dissolve  in  water  conttuning  free  carbonie 
add ;  the  earthy  phosphaUi  in  waler  cont^ing 
firee  phoiphoric  acid,  or  any  free  numeral  or  organic 

The  Eubstances  above-named  are  the  noTer-fuling 
GAnstitnents  of  the  ashes  of  the  food  of  man,  or  of  the 
fodder  of  aidmals.  Photphoric  acid,  the  alkalies,  and 
the  alkaline  earthi  (with  peroxide  of  trim,  and,  in 
fodder,  giUcic  acid,)  are  present,  as  such,  before  cimi- 
hustion.  Sulphuric  and  carbonie  aeidt  are  prodacta 
of  the  combnstioD  of  sulphur  and  carbon.  If  we  sup- 
pose these  ashes  to  be  acted  on  by  water,  they  are 
divided  into  two  parts.  The  soluble  matters  ue 
taken  up  by  the  water  ;  the  insoluble  are  left  in  the 
reMdue. 

If  the  ash  contain  pho^horic  acid  nod  sulphuric 
acid  (and  silicic  acid)  in  such  a  proportion  that,  taken 
together,  they  suffice  to  neutralise  the  alkalies  and 
alkaline  earths  which  are  present,  we  obtua 
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If  the  quantity  of  alkaline  earths  present  be  suffi- 
cient to  combbe  with  all  the  pbosphoiic  acid  in  the 
ash ;  if,  therefore,  there  be  a  want  of  phosphoric  acid 
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0  combine  with  the  alkalies,  all  the  phoapliorio 
s  found  in  the  in  Botubte  residue,  and  we  obtain 


In  the  living  body  the  food  undergoes  precisely  the 
Game  change,  aa  if  we  had  burnt  it  in  a  funiEice,  and 
in  regard  to  the  incombustible  constituents  a  perfectly 
eimilar  division  takes  place. 

In  the  process  of  digestion  those  constituents  of 
food  or  offodder,  whether  combustible  or  incombustible, 
which  are  soluble  in  alkaline  or  slightly  acid  liquids, 
ore  dissolved,  and  taken  into  the  circulation.  By  the 
action  of  the  oxygen  absorbed  in  respiration,  the 
combustible  portions  are  ultimately  burnt — that  is, 
oiidiaed.  The  non-nitrogenous  bodies  are  conTerted 
nto  carbonic  aeid  and  water,  the  plastic  substances 
into  urte  acid,  hippuric  acid,  and  urea,  Uieir  sulphor 
into  eti^huric  acid. 

By  means  of  the  organs  of  secretion,  the  kidneys 
and  the  intestinal  canal,  the  above  named  products  of 
the  organic  process  of  combusdon  and  the  constituents 
of  the  ashes  of  the  food,  in  so  far  as  thej  are  unfit 
for  further  use  in  the  vital  operations,  are  eipelled 
from  the  organism.  The  urine  contains  the  soluble, 
the  ffeces  the  insoluble  constituents,  of  the  ashes  of 
the  food. 

The  alkalies,  as  well  as  the  products  of  the  change 
of  matter,  which  form  with  them  soluble  compounds, 
are  contained  in  the  urine ;  the  rest  are  found  in  the 

When  the  food  has  been  bread  or  flesh,  the  ashes  of 
which  contain  only  phosphates,  the  urine  contiuns  the 
alkalies  in  the  form  of  alkaline  phospbates. 

If  the  food  has  oonusted  of  roots,  green  vegetahlet. 
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ftnd  fraits,  the  ashes  of  which  oontain,  as  soluble  Baits, 
onlj  alkaline  carbonates,  the  urioe  contuns  alkaline 
carbonates. 

The  products  of  the  organic  process  of  combusUon, 
formed  in  the  bodj—sulphuric  acid,  uric  acid,  hippnrio 
acid — bave  a  powerful  attraction  for  the  alkalies. 
When  these  acids  are  added  to  a  solution  of  phosphate 
of  aoda(POs,  2  MO,  HO),  or  of  carbonate  of  soda, 
tbej  share  the  alkali  with  the  phosphoric  or  carbonic 
acid  ;  hy  removing  from  the  salts  of  these  acids  a  part 
of  the  base,  they'set  free  a  certain  amount  of  phos- 
phoric or  of  carbonic  acid. 

The  very  aame  thing  happens  in  the  separation  of 
the  urine  from  the  blood.  The  alkalies  hold  in  chemi- 
cal combination  all  the  acids  present  in  the  blood,  or 
formed  in  that  fluid. 

The  urine  of  man  and  animals  alvays  contains  a 
free  acid,  or  an  acid  salt. 

During  the  separation  of  the  urine  from  the  blood, 
in  consequence  of  the  addition  of  sulphuric,  hjppuric, 
or  nric  acid,  to  the  alkaline  phosphate,  a  part  of  the 
alkali  is  removed  from  that  salt,  a  corresponding 
portion  of  its  phosphoric  acid  is  set  free,  the  salt, 
originally  of  an  alkaline  reaction,  becomes  neutral  or 
acquires  an  acid  reaction.  If  the  soluble  parts  of  the 
ash  of  the  fodder  consisted  of  alkaline  carbonates, 
these  pass  out  of  the  body  in  the  urine  in  the  form  of 
bicarbonates,  combining  with  the  free  carbonic  acid  of 
the  blood. 

But  since  a  liquid,  which  is  rendered  acid  by  free 
phosphoric  acid  or  bj  a  fixed  acid,  has  the  property 
of  dissolving  the  phosphates  of  lime  and  magnesia, 
and  a  liquid  rendered  acid  by  free  carbonic  acid  has  a 
similar  power  of  dissolving  tbe  carbonates  of  lime  and 
magnesia,  the  nrine  which  is  acid  from  phosphoric 
acid  always  contains  earthy  phosphates  ;  while  that 
which  is  acid  from  carbonic  acid  always  contains  earthy 
carbonates  in  solution. 
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With  fend  tDMHaog  ef  FlMh, 

With  VegsUWe  food,  Hw,  Climr, 
T^m^p^   PotMoM,   t^t,   *e. 

Bntd,  p™,  Bem^or  LenUlB. 

Ui.UrinBiM.lJM:- 

FreePhoqiboricKid. 

P™  Cu-bonic  Kid. 

^o^-'^of   jai^Xi. 

^^-«»-^     fc^ 

Pb«ph.t»,    -,' 

Cubonilo,       ) 

S*""             -^-'"A'"- 

HippDimtn,       ^  of  tho  Alkilkt. 

SulphHM, 

HippUKU.,        ) 

Tbi>    urin<  hu  .  tnmfieDl 

Thi»  nrino  hu  ■  pennanent 

odd  rtuclion.    Acid  uriue  con- 

oUoJiM    ToutioD.        AlkiUne 

tiliB  (nnall^)  uric  add. 

acui,tiid  no  tine  arid 

From  theae  researches  it  clearlj  appears,  that  the 
Mii,  alkaline,  or  neutral  state  of  tlie  urine  of  healthy 
men  or  animalB,  aa  well  as  the  presence  in  the  urine  of 
phosphoric  and  nric  acids,  of  earthy  phosphates  .or 
earthy  carbonates,  ultimatetj  depends  on  the  nature 
and  quality  of  the  conetituents  uf  the  ashes  of  the  food 
or  fodder. 

The  urine  of  a  pig  fed  on  potatoes,  nhich  is 
alkaline,  becomes  acid  as  soon  as  the  animal  recravea 
com  or  peas  in  its  fodder.  In  like  manner,  the  urine 
of  man  Insee  its  usual  and  reaction,  and  becomes 
neutral  or  alkaline,  when  juicy  fruits,  cherries,  apples, 
potatoes,  roots,  and  green  Tegetahles,  are  added  to  his 
food  in  a  certain  proportion. 

The  salts  of  the  urine  are  separated  from  the  hlood 
by  the  kidneys  ;  before  this  separation  thej  formed 
part  of  the  blood. 

The  analysis  of  the  urine  enables  us  to  compare  its 
incombustible  constituents  with  those  of  the  blood  ; 
and  obaerration  shovs,  that  in  regard  to  tho  propor- 
tion of  soluble  salts  with  alkaline  base,  there  is  hardly 
any  difference  between  them.*     If  we  incinerate  the 

*  Analyni  of  hnmui  urini,  mft«r  deducting  the  comiium  nit ; 
Phoipboilc    iiv.iiu    AlfeoUna  Bolplmla A«M, 
AcM.       *!«•"«■    Eortht     SUhsleAold. 
XIrin.  (Porter),  GlHoon      34-2*     47-76»      762  1238 

Urine  (FldtiDMiii)  Barlin  3403    48-03        9-02  8-92 

*  H«™fOS  puU  or  Kda  hare  been  tetaetd  to  poCuh  ud  nloUkled 
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blood  of  a  healthy  penon,  and  also  bia  urine,  and 
liiiviate  the  ashes  with  irater,  the  soluble  Balls  of  tha 
blood  ash  are  in  oatare  the  same  as  those  of  the  urine  ; 
uid  it  is  extremelj  probable,  that,  in  regard  to  their 
relative  proportions  also,  a  constant  relation  prevails. 

We  have,  therefore,  every  reason  to  hope,  that  wa 
may  be  enabled,  by  a  very  simple  chemical  operation, 
to  reason  backwards  from  the  urine  to  definite  con- 
elusions  as  to  the  quality  and  composition  of  the  blood  ; 
and  it  will  require  only  a  small  number  of  comparative 
examinations  of  the  urine  and  of  ashes  of  the  blood 
in  different  diseases,  to  enricli  pathology  with  a  means 
of  research  invaluable  from  the  certainty  of  its  indi- 
eations  ;  by  the  aid  of  which  the  physician  may 
ascertain  the  changes  occurring  in  the  composition  i^ 
the  blood  in  disease,  and  may  judge  of  their  influenca 
OD  the  functions  of  the  blood,  and  consequently  on  tba 
most  important  ntal  processes. 

It  does  not  require  much  chemical  knowledge  to 
perceive  that  the.discovery  of  the  law  which  regulates 
the  dependence  of  the  quality  and  functions  of  the 
blood  on  the  nature  and  amount  of  its  incombustibla 
constituents,  is  the  foundatioa-stone  of  medicine  and 
physiology  ;  and  that  it  is  utterly  absurd  even  to 
dream  of  a  rational  science  of  medicine,  before  we 
have  laid  this  found ation-« tone,  on  which  must  resttha 
Bolntion  of  all  questions  concerning  the  animal  economy. 
It  is  impossible  for  the  chemist  not  to  acknowledge, 
that  the  alkaline  quality  of  the  blood  is  one  of  the  first 
and  most  important  conditions  of  the  organic  process 
<^  combustion,  of  the  production  of  animal  heat,  and  of 
the  change  of  matter  in  the  body. 

A  nnmber  of  organic  compounds  acquire,  by  eon- 
tact  with,  or  in  presence  of  a  free  alkali,  the  power  of 
combining  with  oxygen  (of  burning],  which,  alone, 
they  do  not  at  all  possess  at  the  ordinary  temperature 
of  the  air,  or  at  the  temperature  of  the  body. 
(Cbarrenl.)    The  influence  of  alkalies  in  this  way  ia 
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most  BtriliiDgly  seen  in  such  salMtanceB  u  &re  coloared, 
and  become  decolourized  under  these  circamstances, 
or  in  such  as  nre  colourless,  and  become  coloured,  as 
thej  are  destroyed.  Carmine,  the  most  durable 
organic  colouring  matter  known  to  us,  the  colonring 
matters  of  Logwood  and  Brazil  wood,  and  the  cotottrtng 
matter  of  the  blood,  diBsolve  in  solution  of  potash,  and 
may  be  preserved  for  months  unchanged.  But  as 
soon  as  air  or  oxygen  is  admitted  to  theee  solutions, 
oxygen  is  rapidly  abaorbed,  and  these  colouring  matters 
are  destroyed.     (CheTreuU) 

The  colourless  solution  of  pyrogallic  acid,  or  that  of 
gallic  acid,  when  mixed  with  excess  of  alkali,  become, 
when  oxygen  is  admitted  (see  p.  331),  dark  red,  and 
are  destroyed  in  a  few  minutes.  Eren  alcohol  is 
oxidised,  when  it  contains  free  alkali,  and  is  exposed 
to  air  at  the  ordinary  temperature,  and  becomes  brown. 
Milk-sugar  and  grape-sugar,  in  presence  of  a  free 
alkali,  and  with  the  aid  of  a  gentle  heat,  deprire  eren 
metallic  oxides  of  their  oxygen.    (Sge  p.  357.) 

The  alkalies  exert  a  precisely  similar  action  in  the 
blood  ;  they  promote  and  increase  the  combustibility 
of  the  respiratory  matters. 

This  influence  of  the  alkalies  is  shown  in  a  decisiTe 
manner  in  the  effects  produced  on  the  salts  of  organic 
acid  in  the  circulation.  It  has  Ions;  been  obserred, 
that  after  eating  juicy  fruits,  chemes,  strawberries, 
apples,  &c.,  the  urine  becomes  alkaline.  All  these 
fruits,  as  well  as  the  juices  of  edible  roots,  tubers,  and 
green  vegetables,  contain  these  alkalies  in  the  form  of 
salts  of  the  organic  acids  ;  usually  as  matates  (all 
kernel  fruits,  pine  apple)  ;  citrates  (stone  fruits,  cur- 
rants, potatoes)  ;  tartrates  (grapes).  It  has  been 
shown  by  Gilb^  Blane  and  by  Wohler,  that  the  pure 
salts,  malates,  citrates,  tartrates,  dec.,  of  the  alki^ies, 
when  taken  internally,  behave  exactly  as  the  salts  in 
the  jiucea  of  these  fruits  and  roots.  Citrate,  tartrate, 
malate,  and  acetate  of  potash,  whether  given  by  the 
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mouth,  or  in  enemata,  appear  in  the  urine  in  the  form 
of  carbonate  of  potash. 

The  acids  of  these  salts,  introduced  into  the  blood 
in  the  form  of  neutral  or  acid  salts,  are  there  buroed 
(oxidised)  as  effectually  as  in  the  moat  perfect 
apparatus  of  comhusUon,  The  alkaline  carbonates 
which  predominate  in  the  urine  of  herbivorous  animiJa 
are  derived  from  the  same  source — namely,  from  the 
salts  composed  of  the  alkalies  with  the  organic  acids 
e<Kitained  in  the  fodder. 

In  precisely  the  same  way  is  iu'lc  acid  destroyed  or 
burnt  in  the  organism  in  presence  of  free  alkali.  In 
the  urine  of  rabbits,  to  which  had  been  given  pro- 
portionally large  doses  of  uric  acid,  in  the  form  of 
urate  of  potash  (2  to  2i  grammes,  30  to  40  grains), 
bo  uric  acid  could  be  detected.  It  had  been  converted 
into  oxalic  acid  and  urea,  the  amount  of  which  last  in 
the  urine  exceeded  the  normal  quantity  at  least  five- 
fold. (Preriohs.)  But,  as  is  well  known,  urea  cor- 
responds in  composition  to  carbonic  acid.  It  ia 
carbonic  acid,  in  which  half  of  the  oxygen  is  repre^ 
aented  and  replaced  by  its  equivalent  of  amide  (N  Q^), 

The  cause  of  the  so  greatly  increased  combustibility 
of  all  these  bodies  is  evidently,  as  is  proved  by  the  most 
obvious  considerations,  the  slkaliDC  quality  of  the  blood. 

The  herbivora  consume  in  their  fodder  a  quantity 
of  vegetable  acids  in  the  free  or  uncombined  state, 
which,  like  the  portion  combined  with  alkaline  bases, 
are  destroyed  and  disappear  in  the  circulation  (tha 
blood  b«ng  always  alk^ine,  so  that  these  free  acida 
ore  also  converted  into  alkaline  salts).  It  can  hardly 
be  doubted,  that  in  the  organism  of  the  herbivora, 
exactly  as  in  that  of  the  camivora,  uric  acid  must  be 
formed,  as  an  imperfect  or  intermediate  product  of 
the  combuBtion  of  the  plastic  matters  consumed  in 
the  change  of  matter ;  but  in  the  normal,  healthy 
state,  this  uric  acid  never  appears  in  theii  urine, 
rich  as  it  is  in  free  alkali. 
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This  fact  ia  aatisfftcUirilj  explaiDed  by  tlie  presence 
of  alkaline  carbonates  in  tbeir  blood. 

Tbe  vegetable  acids,  when  thej  enter  tbe  blood,  or 
the  uric  acid  foimed  id  the  body,  decompose  tha 
alkaline  carbonates  in  the  blood,  aod  form  neutral 
salts,  which  are  destroyed  as  fast  as  tfaey  are  formed 
by  the'  oxygen  present  in  the  blood,  assisted  by  the 
free  alkali  of  that  fluid.  The  carbonic  acid,  thus  set 
free,  is  given  off  by  the  lungs. 

The  same  organic  acids,  which,  in  the  form  of  salts, 
that  is,  accompanied  hy  alkaline  bates,  disappear  so 
rapidly  even  in  the  blood  of  man,  appear  in  great 
part  unchanged  in  the  urine,  when  they  are  taken 
wiltiout  these  alkalies.  Even  the  most  combustible 
of  them,  such  as  tartaric  and  gallic  acids,  became,  in 
these  circumstances,  incombustible  in  the  blood  of 
man.  Gallic  acid,  when  administered  without  sufficient 
alkali,  is  particularly  easy  to  be  recogaised  in  thn 
nrine  by  its  property  of  striking  an  inky  black  with 
the  salts  of  seaqui-oiide  of  iron. 
~  Tbe  cause  of  this  incombustibility  is  the  want  of 
the  free  alkali,  which  determmei  and  promote*  the 
action  of  the  oxygen. 

The  blood  of  man,  (and  of  the  dog,  with  which  a 
large  number  of  these  experiments  was  made,)  con- 
tuns  no  alkaline  carbonate,  but  only  alkaline 
phosphate. 

'  Now  it  is  certain,  that  the  neutral  salts  of 
vegetable  acids  do  not  alter  the  alkaline  quality  of 
this  blood,  while  uncombined  acids,  when  they  enter 
the  blood,  must  set  free  a  corresponding  amoont 
of  phosphoric  acid,  since  they  seize  a  portion  of  the 
alkali  with  which  it  was  combined.  This  phosphorio 
acid  is  not,  like  the  carbonic  acid,  gaseous  and  capable 
of  being  exhaled  by  the  lungs,  but  only  qnits  its  placa 
in  the  blood,  wh«i  compelled  by  some  cause  to  do  to. 
We  must  suppose,  that  that  part  of  the  blood  which 
the   &ee    vegetable    acids  'reached,  totally  lost   iti 
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alk&line  character,  that  it  even  became  traoBietitlj 
acid  (a  quality  which  was  again  removed  bj  the 
funetion  of  the  kidneys)  and  that  in  congeqnence  of 
that  transient  state  the  Tegetable  acids,  or  at  least  a 
part  of  them,  lost,  in  the  circujatioa,  their  proneness 
to  change  and  their  combustibility.  Had  the  blood, 
to  which  free  gallic  acid  was  added,  continued  alkaline, 
that  acid  would  have  been  destroyed ;  for  the  presence 
of  a  free  alkali  and  of  orygen  is  utterly  inconsistent 
with  the  continued  eiistenoe  of  gallic  acid. 

The  peculiarities  of  the  blood  of  man  and  of  the 
caniivora,  which  are  determined  bj  the  amount  of 
phosphoric  acid,  appear  in  their  fnll  significance  in 
the  process  of  secretion.  The  chemical  action  of 
the  alkalies  meets  with  a  certain  resistance  from  the 
phosphoric  acid  combined  with  them,  which  reaistance 
does  not  occur  in  the  blood  of  the  herbisora.  The  per- 
manent acid  re-action  of  the  urine,  and  the  secretion 
of  uric  acid,  in  man  and  in  camivora,  stand  in  the 
closest  relation  to  the  presence  of  phosphoric  acid  in 
their  blood,  while  the  absence  of  uric  acid  in  the  urine 
of  the  herbivora  is  in  the  same  close  manner  related 
to  the  predominant  alkaline  quality  of  their  blood. 

The  presence  of  free  carbonic  acid  in  the  urine  of 
herbiTora  is  in  great  part  determined  by  the  attraction 
of  alkaline  carbonates  for  carbonic  acid.  On  the 
other  hand,  the  separation  of  free  acids  in  the  urine 
of  camirora  and  graminivora  is  obviously  a  condition 
necessary  for  the  preservation  of  the  alkaline  quality 
of  their  blood. 

If  we  suppose  this  separation  or  excretion  of  firee 
acids  to  be  checked,  even  transiently,  in  consequence 
of  a  disturbance  in  the  functions  of  the  kidneys,  or, 
in  consequence  of  a  morbidly  accelerated  change  in 
the  tissues  (inflammation,  fever),  the  phosphoric  acid 
of  these  tissues  to  be  set  free  and  to  enter  the  blood, 
the  alteration  in  the  alkaline  quality  of  the  blood 
must  at  once  exhibit  itself  hj  increased  excretion  of 
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uric  acid,  and  by  a  change  in  the  reBpirstorj 
procees. 

These  considerations  enable  us  to  understand  the 
success,  often  almost  miraculous,  which  physicians 
obtain,  in  inui;  diseaseB,  b;  a.  rational  diet,  bj  a  choice 
of  food  made  with  knowledge  of  the  subject  and  care- 
ful reflection,  by  mineral  watera,  and  by  the  vegetable 
cure  or  the  whey  cure. 

When  we  replace  the  bread  and  the  flesh  of 
ordinary  diet  by  juicy  regetsbles  and  fruits,  the  blood 
is,  beyond  bU  doubt,  altered  in  its  chemical  character; 
but  this  alteration  in  no  way  consists  in  a  change  of 
the  organic  combustible  ingredient,  for  the  fibrine 
and  albumen  of  oz-blood  do  not  in  the  slightest 
degree  difEer  in  their  chemical  nature  from  the  fibrine 
and  albumen  of  the  blood  of  animals  fed  on  flesh  or 
grain,  but  on  achaxige  mtheittcombtutibleconttituents, 
in  a  replacement  of  the  phosphoric  acid  and  alkaline 
phosphates,  which  exert  a  disturbing. iuflaence  in  so 
many  diseases  (typhoid  and  inflammatory  aflectlons), 
by  alkaline  carhonates. 

There  is  probably  no  fact,  which  appears  to  testify 
BO  convincingly  to  the  function  of  the  intestinal  canal 
as  an  organ  of  secretion,  as  the  absence  of  iron  in 
the  urine  generally,  and  the  absence  of  phosphates  ia 
the  urine  of  herbivora. 

We  can  readily  understand,  that  no  aubetance  can 
be  contained  in  urine,  which  is  insoluble  in  that  fluid, 
and  that  the  phosphates  of  lime  and  magneMa  are 
wanting  in  the  urine  of  the  horBe  and  the  cow, 
because  a  liquid  containing  bo  considerable  a  quantity 
of  alkaline  and  earthy  carbonates  has  no  power  of 
dissolving  earthy  phosphates.*     We  find  in  the  nriae 

*  A  MlutinD  of  cuboMta  of  Ume  in  arbonic  idd  mter,  dilnlcd 

with  »  much  ipriDg-witcr,  thkt  Oirbonals  of  potuh,  or  of  loda, 
aoKi  DO  prccipititj,  give*,  on  the  iddition  of  the  amillMt  qutnti^ 
of  pho«ph»te  of  aodi,  immediaielj,  ■  pnouncnt  loibiditf  tnMB  tha 
foimmtion  afpfaoipluu  of  lime. 
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of  the  horse  and  the  cow,  no  phoaphoric  acid,  although 
both  receive  in  their  fodder,  daily,  a  large  amount  of 
phosphoric  acid,  in  the  form  of  soluble  alkaline  phos- 
phatee,  which  become  conetituentB  of  their  blood. 
The  chemical  analyaiB  of  the  urine  *  of  the  same 
animals  whose  fieces  t  and  whose  fodder  {  were 
also  analysed,  shows  us,  that  the  fieces  contain  all 
the  phoaphoric  acid  of  the  food  in  the  form  of  phos- 
phates of  lime  and  magnesia  (PO^,  2  U  0),  and 
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there  csd  be  no  donbt  that  the  phosptioric  acid  set 
free  id  conaequeoce  of  the  change  of  matter,  which, 
from  the  chemical  nature  of  the  urine,  could  not  paas 
out  by  the  kidneys,  must  he  carried  from  the  blood  to 
the  intestines,  and  that  hence  a  part  of  the  intestinal 
canal  porforma  the  same  function  as  the  kidneys,  as 
an  organ  of  excretion.  It  is  difBcult,  either  from  the 
anatamical  or  chemical  point  of  viev,  to  form  a  clear 
notion  of  this  process  of  excretion,  of  the  existence 
of  which  we  perceive  the  most  convincing  evidence  in 
diseaaed  states  (in  diarrhea,  for  example).  But  in 
the  study  of  nature  the  difficulty  of  explanation  does 
not  destroy  the  truth  of  a  fact. 

Besides  the  incombustible  constituenta  above  men- 
tioned, the  blood  of  man  and  animals  contains  a 
certain  amount  of  common  salt  and  of  iron.  The 
quantity  of  common  salt  usually  amounta  to  upwards 
of  one  half  of  the  total  weight  of  all  the  incombustible 
substances  in  the  blood. 

The  difference  of  food  has  no  perceptible  influence 
on  the  amount  of  common  salt  in  the  blood.  The  blood 
of  a  dog,  fed  for  eighteen  days  on  flesh,  contained 
the  same  proportion  of  common  salt  as  after  twenty 
days  feeding  with  bread.  The  common  salt  in  the 
blood  of  man,  of  the  sheep,  pig,  oi,  and  calf  amounta 
to  from  50  to  60  per  cent,  of  the  total  weight  of  the 
ash.  The  difference  in  the  quantities  of  salt  obtuned 
in  different  analyses  depends  in  part  on  the  difficulty 
of  avoiding  the  volatilisation  of  common  salt  in  the 
incineration  of  blood  ;  and  the  unequal  per  centage 
of  salt  in  the  blood  of  different  animals  depends 
partly  on  the  varying  amount  of  other  constituents, 
such  as  phosphoric  and  carbonic  acids. 

Tlie  great  proportion  of  common  salt  in  the  blood 
is  sufficiently  remarkable,  to  be  codbidered  with  refe- 
rence to  the  question  of  its  necessity,  as  a  coodition 
of  the  vital  procesa. 

It  is  uuaeceasary  particularly  to  point  out,  that  all 
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the  common  Bait  in  tbe  blood  is  derived  from  the 
food  ;  but  if  we  compare  the  ashes  of  the  Tegetable 
food  of  the  cow  and  horee  with  the  ashes  of  their 
blood,  we  pereeiye  a  very  striking  difference.  The 
amount  of  that  salt  in  the  ashes  of  the  blood  is  much 
greater,  often  tenfold  greater  than  that  in  the  ashes 
of  the  fodder.  A  comparison  of  the  ingredients  of 
the  Bsbes  of  the  urine  with  those  of  the  ashes  of  the 
blood  shows,  moreover,  that  the  amount  of  common  salt 
in  the  ashes  of  the  urine  is  always  less  than  in  those 
of  the  blood,  and  corresponds  with  that  in  the  ashes 
of  the  food.  These  facts  seem  to  point  to  the  con- 
clusion, that  in  &e  circulating  system  some  cause  is 
in  operation,  which  (as  the  proportion  of  salt  in  the 
blood  never  goes  beyond  a  certain  limit),  opposes 
the  increase  as  weU  as  the  diminution  of  its  quantity  ; 
that,  consequently,  the  common  salt  is  not  merely 
an  accidental,  but  an  essential  and  constant  ingre- 
dient of  the  blood,  and  that  its  quantity  is  fi^ed 
vithin  certain  limits. 

Of  the  various  kinds  of  vegetable  food,  seeds  con- 
tain the  smallest  amount  of  common  salt  ;  green  vege- 
tables and  meadow  grass  (especially  Lolium  perenne) 
among  the  plants  of  the  Continent,  contain  the  largest 
proportion. 

It  is  not  easy  to  determine  the  full  significance  and 
value  of  salt  for  the  vital  process,  with  the  same  cer- 
tainty as  we  can  in  the  case  of  phosphoric  acid  and 
lime,  the  indispensabilily  of  which  for  the  formative 
process  is  an  established  fact,  since  tijey  form  parts  of 
all  the  tissues.  Salt  serves  in  the  organism  to  assist 
and  promote  the  most  universal  changes,  without 
taking  a  share,  by  its  elements,  in  the  formative  pro- 
cess. No  organised  part  or  tissue  contains  chlorine 
in  chemical  combination  ;  but  there  is  no  fluid  of  the 
animal  body  in  which  chlorine  is  absent  as  a  constitu- 
ent. We  discover  in  animals,  which,  like  those  of  the 
Continent,  receive  in  their  food  only  salts  of  potash. 
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and,  except  chloride  of  sodiam,  no  compound  of  sodium 
or  of  chlorine  in  their  food,  the  elemoDta  of  the  ult, 
but  separated,  and  in  different  parts.  In  the  whole 
moscalar  sjBtem,  in  the  juice  of  fleeh,  an  abundant 
4]uantit;  of  chlorine  is  found,  but  combined  with  potas' 
sium,  not  with  sodium  ;  this  chlorine  is  derived  from 
the  common  salt.  In  the  Hecretion  of  the  liver,  the 
bile  of  land  animals,  we  find  a  predominating  quantify 
of  oxide  of  sodium,  the  sodium  of  which  was  received 
in  the  food  an  common  salt.  In  the  blood  of  the  horse, 
the  cow,  and  berbirora  in  general,  the  quantity  of  car- 
bonate of  Boda  exceeds  that  of  carbonate  of  potash  two 
or  three-fold,  althongh  the  ashes  of  their  food  hardly 
contain  a  trace  of  carbonate  of  soda.  These  relations, 
from  their  permanence  and  fixilj,  are  verj  trustworthy 
indications  that  sodium  and  soda,  from  their  pecuhar 
properties,  are  especially  adapted  for  the  changes 
occurring  in  the  blood  and  blood-vessels,  al%  that 
potassiam  or  potash,  for  the  same  reason,  is  pec^»rly 
fitted  for  the  changes  going  on  in  the  muscular  syBt^m.; 
and  that  these  two  alkalies,  although  so  much  alike  in 
many  other  properties,  cannot  mutually  replace  each 
other  with  reference  to  all  the  purposes  which  they 
serve.  In  the  blood  of  man,  and  of  animals  fed  on 
grain,  the  phosphate  of  potash  is  always  accompanied 
by  common  salt  ;  but  we  know  that  these  two  salts 
cannot  exist  together  without  mutually  decomposing 
each  other,  yielding  phosphate  of  soda,  which  in  its 
properties  approaches  most  closely  to  the  carbonate 
of  soda,  and  chloride  of  potaswum.* 

Uoreover,  when  we  consider,  that  the  efficient  free 
acid  often  occurring  in  digestion,  is  hydrochloric  acid,t 
which  is  derived  from  common  salt, — all  these  facts. 


•  When  B  modentclj  atroDg  lolnlion  of  pho^lile  of  polufa  it 
mixed  wiih  one  of  eoninion  Mil,  and  left  to  lUnd  in  tbe  eeU , 
{Jioiphate  of  •odi  toon  crytuUiKi  ont  in  floe  crjitali. 

t  The  Bvlr  oWrvBtiona  of  Prout  and  L.  Gnulia  han  Utalj 
been  ennfinned,  for  dust  owe*,  b;  Dr.  Schmidt,  of  Dor(iat. 
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taken  together,  seem  entitled  to  be  regarded  as  irre- 
fragable proofs  of  the  oecessity  of  the  presence  of  salt 
for  the  vital  process,  and  of  the  addition  of  aalt  to  the 
food  of  men  and  the  fodder  of  anitnolB. 

The  action  of  free  hydrochloric  acid  on  the  plastic 
eonBtituenta  of  food,  is  Torj  remarkable.  The  gluten 
of  grain  and  the  fibrine  of  flesh,  for  example,  dissolve 
in  water  which  has  been  hardl;  acidulated  with  hydro- 
chloric acid,  readily  and  rapidly  at  the  temperature 
of  the  body  ;  and  this  aolubility  does  not  increase,  but 
diminishes,  when  tlie  proportion  of  acid  in  the  liquid 
is  increased ;  bo  that  all  the  dissolved  matter  can  be 
again  precipitated  by  moderately  strong  hydrochlorie 
acid,  A  solution  of  common  salt  has  the  same  effect 
as  the  strong  acid.  The  same  water,  which,  bj  the 
addition  of  -j^t;  of  hydrochloric  acid,  becomes  a 
powerful  solvent  for  the  plastic  substances,  loses  its 
solvent  power  oa  the  addition  of  rather  more  than 
3  per  cent,  of  common  salt ;  and  all  the  gluten  or 
fibrine  may  be  precipitated  from  the  acid  solution  by 
a  solution  of  salt. 

The  relations  now  pointed  out  between  the  elements 
of  common  salt  and  the  organic  processes,  are  certainly 
not  the  only  ones  which  belong  to  this  compound,  so 
remarkable  on  account  of  its  universal  di^eion  in 
nature,  and  its  presence  in  all  organised  beings.  It 
is  more  than  probable  that  it  promotes,  nay  even  de- 
termines, certain  changes  and  operations,  by  virtue  of 
its  peculiar  properties  as  a  salt. 

We  need  only  recal  the  fact,  that  common  salt  po8- 
seeses  the  property,  quite  unusual  among  salts,  of 
forming  with  urea  a  chemical  compound  which  crys- 
tallises in  beautiful  large  dear  rhombic  prisms,  and 
which  is  always  found  in  urine  containing  common  salt.* 

*  Among  the  ulti,  onlf  lome  nitmtM  rorm  limilir  compounda 
with  uTflL  The  prcHnce  oT  th«  compound  oT  orea  vith  commoa 
nil  in  the  mine  of  nuin  and  uinuli,  i>  the  mean  vhy  wo  often 
olitiin  no  nitmts  of  nree  from  urine,  moderalelj  coDcenCnl«d,  end 
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Etbq  in  the  vitreona  liumonr  of  the  eye,  the  urea  is 
accompanied  by  common  salt.  By  combining  witli 
common  salt,  urea  loses  certain  properties  which 
belong  to  it  as  an  organic  compound  ;  and  accurate 
observations  may  perhaps  show,  that  the  absence  of 
urea,  the  ultimate  product  of  the  organic  change  of 
matter,  bb  well  as  of  common  salt,  in  the  muscular 
system,  and  the  passage  of  urea  into  the  circulation, 
and  its  excretion  by  the  kidneys,  hare  a  closer  rela- 
tion with  the  presence  of  common  salt  in  the  blood  than 
IB  generally  supposed. 

If,  further,  ne  consider,  that  instinct  leads  us  to 
add  salt  to  amylaceous  food  in  much  larger  proportion 
thnn  to  other  food  ;  that  potatoes,  to  most  men,  are 
hardly  eatable  without  salt ;  we  are  involuntarilj 
reminded  of  the  remarkable  compound  which  common 
salt  forms  with  grape-sugar,  the  product  of  the  diges- 
tion of  starch.  It  is  known  that  diabetic  urine  gene- 
rally contains  this  compound  ;  and  the  presence  of 
common  salt  cannot  be  without  some  influence  On  the 
excretion  of  sugar  by  the  kidneys. 

I  cannot  bere  omit  to  mention,  that  agriculturists 
have  endeavoured  to  solre  the  question  as  to  the  neces- 
sity or  the  profit  of  addiog  salt  to  the  fodder  of  live 
stock,  in  their  own  way.  The  result  of  the  excellent 
experiments  of  Boussingault  is,  in  this  respect,  deci- 
UTe,  clear,  and  intelligible.  The  addition  of  salt  to 
the  fodder  had  no  influence  on  the  quantity  of  flesh, 
fat,  or  milk  obtained  from  the  animals  ;  "but,"  says 
Boussingault,  "the  salt  appeared  to  have  a  favourable 
effect  on  the  appearance  and  quality  of  the  stock. 
After  the  first  fourteen  days,  we  obserred  no  percep- 
tible difference  between  the  two  lots  (each  of  three 
oxen) ;  but  in  the  course  of  the  month  folloiring,  the 
difference  was  visible  even  to  the  unpractised  eye.  In 

wby  in  thtt  vblcb  ii  more  i 
idditiDD  ot  niuic  geld,  mors  i 
the  loluliilUr  of  the  nitmte. 
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the  beaata  of  both  lots,  the  skin  to  the  feel  was  fine  and 
■ound,  but  the  bair  in  the  oxen  which  had  got  salt 
was  smooth  aod  shining,  that  of  the  others  was  dull 
and  erect.  On  proionging  this  experiment,  these 
signs  became  still  more  proniinent.  In  the  animaU 
of  the  second  lot,  after  thej  had  had  no  salt  for  a  year, 
the  hair  was  matted,  and  the  skin  here  and  there 
devoid  of  hair.  Those  of  the  first  lot,  on  the  contrary, 
retained  the  look  of  stall-kept  beasts  ;  their  liveliness 
and  frequent  indioations  of  the  tendency  to  leap,  con- 
traated  strikingly  with  the  heavy  gait  and  cold  tem- 
perament observed  in  those  of  the  second  lot.  There 
ie  no  doubt,"  continues  Boussingault,  "  that  a  higher 
price  would  have  been  obtained  in  the  market  for  the 
oxen  reared  under  the  influence  of  salt." 

These  eiperimenta  are  most  instructive.  In  the 
oxeu  which  only  had  as  much  salt  as  was  contained  in 
their  fodder,  the  quantity  of  salt  was  insufScient  for 
the  secretory  process.  There  was  wanting  the  means 
of  transport  for  a  niunber  of  Bubstaoces  which,  ont  of 
the  body,  excite  disgust ;  their  whole  frame,  the 
blood,  flesh,  and  all  the  juices  were  loaded  with  these  ; 
for  the  external  surface  of  the  skin  is  a  mirror  of  the 
state  of  the  interior.  The  other  oxen,  which  daily 
hod  salt  added  to  their  fodder,  remained  healthy,  even 
in  the  mode  of  life  to  which  they  were  ctHifined,  which 
corresponded  but  little  to  their  nature,  and  with  excess 
of  food  and  deficient  exercise.  Their  blood  remained 
pure,  and  well  fitted  for  all  the  purposes  of  nutrition. 
In  the  salt  they  had  a  powerful  means  of  resistance  to 
external  causes  of  disturbance  to  health,  which,  in  the 
actual  circumstances,  was  indispensable  to  them.  The 
body  of  the  others  was,  in  regard  to  disease,  like  a 
fire-place,  heaped  with  the  niost  inflammable  fuel, 
which  only  requires  a  spark  in  order  to  burst  into 
flame  and  to  be  conaoined. 

Salt  does  not  act  as  a  producer  of  flesh  ;  but  it 
neutralises  the  injurious  action  of  the  conditions,  which 
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must  be  ntiited  in  the  unnatural  state  of  animalB  fed 
or  fattened  in  order  to  produce  fleali  ;  nnd  the  advan- 
tegea  atteading  its  use  can  hardly  be  estimated  too 
highly. 

Many  agriculturista,  however,  have  drawn  very  dif- 
ferent conclusioDB  from  these  ezperiments.  As  the 
addition  of  salt  yields  to  them  (the  fanners)  no  profit, 
Nnce,  by  the  outlay  on  salt,  nothing  u  guned  in  flesh, 
they  eoDcluded  that  salt  is  of  no  use  whateter  ;  nay, 
these  experiments  hare  actually  been  abused,  as  proo& 
and  arguments  against  the  reduction  of  the  impost  on 
salt, — of  all  taxes  on  the  Continent  that  which  is  the 
most  odious,  the  most  unnatural,  and  the  most  dis- 
graceful to  human  reason.  We  may  here  see  that 
more  wisdom  is  displayed  in  the  instinct  of  an  ox  or 
of  a  sheep,  than  in  tiie  arrangements  of  the  being 
who,  strange  to  tell,  often  regards  himself  aa  the 
image  of  Him  who  is  the  perfection  of  all  kindness 
and  of  all  reason. 

Besides  its  chemical  characters,  common  salt  pos- 
sesses a  phyucal  property,  which  gives  it  a  special 
importance  in  the  vital  processes  ;  because  those 
other  salts  which  partake  this  property  with  it,  are  not 
consumed  either  by  men  or  aaimals  in  their  ordinary 
mode  of  life. 

This  moat  interesting  property  may  easily  be  ren- 
dered visible  with  the  aid  of  a  very  simple  apparatus. 

If,  for  example,  we  tie  over  one  opening  of  a  glaaa- 
tube,  four  to  six  inches  long,  and  about  a  quarter  of 
an  inch  wide,  with  a  moist  membrane  (intestine  or 
bladder,  &e.),  and  fill  it  to  one-half  with  spring  wat^, 
and  then  place  it  in  a  glass  of  the  same  water,  so  that 
the  water  within  and  without  the  tube  stands  at  the 
same  level,  we  observe,  even  after  hours  or  days,  no 
change  in  the  level  of  the  two  liquids. 

But  if  we  now  add,  to  the  water  in  the  tube  closed 
with  bladder,  a  few  grains  of  common  salt,  we  shall 
see,  after  a  few  minutes,  the  water  in  the  tube  rise 
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above  the  level   of    that  in    the  glass  ;    it  moree 
upirards. 

If  now  ne  add  salt  alio  to  the  water  ia  the  glass, 
aoii  in  such  quantity  that  the  proporUon  of  salt  in  the 
two  liquids  is  the  same,  do  change  of  level  occurs. 
But  if  more  salt,  in  proportion,  be  added  to  the  water 
in  the  gJass  than  to  that  in  the  tube,  the  opposite 
change  takes  place :  the  water  in  the  tube  sinks ;  that 
in  the  glass  rises. 

We  see  frona  this,  that  the  spring-water  flows 
towards  the  saline  water,  and  the  weaker  solution  of 
salt  towards  the  stronger  ;  as  if  forced  by  an  external 
pressure  to  pass  through  the  pores  of  the  membrane, 
in  opposition  to  the  law  of  grBvitatioQ. 

By  the  mere  addition  of  common  salt  to  the  water, 
the  tube  with  the  bladder  acquires  the  property  of  a 
pump,  and  sucks  up  water  with  a  force  which,  in 
many  cases,  is  equal  to  the  presence  of  a  column  of 
mercury,  two  to  three  inches  in  height. 

When  the  tube,  closed  by  a  very  thin  membrane, 
is  half-filled  with  ox-hlood  deprived  of  its  fibrine,  and 
pUced  in  a  glass  of  warm  water  (at  about  100°  F.), 
the  blood,  after  a  few  minutes,  rises,  just  as  the  solu- 
tion of  salt  did.    The  water  flows  towards  the  blood. 

That  the  presence  of  salts  in  the  liquor  sanguinis, 
has  a  great  shore  in  this  suction,  we  perceive  in  this,  ' 
that  the  liquid,  which  may  easily  be  obtained  by 
pressure  from  blood  coagulated  by  heat,  and  which 
contains  common  salt  and  other  salts,  when  introduced 
into  the  tube  instead  of  the  blood,  exhibits  precisely 
the  same  phenomena. 

The  power  of  the  membrane,  to  canae  water  to  flow 
towards  that  side  of  it  on  which  the  salt  is  found, 
depends,  therefore,  on  the  salt.  When  the  liquids 
on  both  sides,  contain  equal  proportions  of  salt,  no 
flow  takes  place  either  way.  The  liquid  invariably 
flows  towards  that  side  where  most  salt  is  present, 
and  it  flows  the  more  rapidly,  the  greater  the  dif- 
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ference  in  the  proportion  or  per  centage  of  salt 
between  the  two  liquids. 

When  we  add  to  the  solution  of  ealt  a  free  alkali 
(in  the  fonn  of  carbonate  or  phosphate),  the  power  of 
suction  is  very  p«i'ceptibly  increased  ;  and  when  the 
liquid  in  the  outer  glass  is  slightly  acid,  and  the  solu- 
tion of  salt  in  the  tube  is  aOcaUne.  the  flow  (of  the 
acid  to  the  alkaline  liquid)  takes  place  nith  the 
greatest  velocity. 

Any  one  who  takes  the  trouble  to  repeat  these 
attractire  ezperiments  will  obtain,  by  the  mere  con* 
templation  of  them,  a  perfect  inaight  into  the  essence 
of  the  organic  process  of  suction. 

In  the  animal  body,  indeed,  are  united  all  the  con- 
ditions for  rendering  the  circulating  system,  by  means 
of  the  blood,  a  most  perfect  suction  pump,  which 
performs  its  duties  without  stop-cocks  or  valves,  with- 
out mechanical  pressure,  nay,  without  regular  canals 
or  passages  for  the  transmission  of  the  fluids.  The 
solution  formed  in  the  digestion  of  food  in  the 
stomach  is  acid,  the  blood  is  a  taline  and  alkaliTie 
fluid.  The  whole  digestive  or  intestinal  canal  is 
surrounded  by  a  sjrstem  of  infinitely  ramified  blood- 
vessels, in  which  the  blood  moves  with  great  velocity. 
By  means  of  the  urinary  apparatus,  the  water  which 
has  flowed  into  the  blood  is  immediately  filtered  off, 
and  the  circulating  fluid  is  thus  always  kept  in  the 
same  state  of  concentration. 

We  can  now  easily  understand  the  effects  produced 
on  the  organism  by  waters  containing  different  pro- 
portions of  salt. 

If,  for  example,  we  drink,  fasting,  every  ten 
minutes  a  glass  of  spring-water,  the  proportion  of 
salt  in  which  is  far  below  that  of  the  blood,  there  is 
passed  after  drinking  only  the  second  glass  (each 
glass  being  supposed  to  contain  foar  ounces)  a 
quantity  of  coloured  nrine,  very  nearly  equal  in 
bulk  to  the  first  glass  of  water.     When  in  this  way 
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tireoty  glasaea  have  been  taken,  there  have  Leen 
nineteeD  evacnfttions  of  urine,  the  last  of  which  is 
nearly  culouilesa,  and  in  the  proportion  of  salt  but 
slightly  exceeds  spring- water. 

If  we  make  the  same  experiment  with  spring- 
water  to  which  has  been  added  some  salt,  about  as 
much  aa  the  blood  containa  (from  0-75  to  I'O  per 
cent.)  no  nnusual  evacuation  of  urine  occurs.  It  is 
hardly  possible  to  drink  more  than  three  glaases  of 
such  water  ;  a  sensation  of  repletion,  pressure,  and 
weight  at  stomach  indicate  that  water,  having  a  per 
centage  of  salt  equal  to  that  of  the  blood,  requires  a 
far  longer  time  for  its  absorptiou  into  the  circulation. 

Lastly,  if  we  take  a  solution  of  salt,  the  per  cent- 
age  of  salt  in  which  is  somewhat  higher  than  in  the 
blood,  there  occurs  the  opposite  of  absorption,  namely 
purging. 

We  see  that  the  absorptive  power  of  the  blood- 
vessels for  water  varies  according  to  the  proportion  of 
salt  in  the  water.  If  that  be  less  than  in  the  blood, 
it  is  absorbed  wilh  great  rapidity  ;  when  the  propor- 
tion of  salt  in  both  fluids  is  the  same,  an  equilibrium 
occurs  :  if  the  water  contain  more  salt  than  the  blood, 
this  salt-water  is  expelled,  not  like  the  weaker  solu- 
tion, through  the  kidneys,  but  through  the  intestinal 


*  "  Cominon  ult  btit  ^enenlly  become  i  t«tj  greit  neceuitj, 
eien  for  the  rudeit  DstiDni.  In  noi  t  few  countries  it  I>  one  of  the 
moat  yJutblo  merisntile  commodities.  In  set  end  counlriei  of 
Afrio,  men  are  lold  for  nit ;  imong  thr  Gallu  ind  on  the  coul 
of  Sierm  Leone,  the  brother  lelli  hit  tister,  tbe  buihind  hit  vife, 
puenti  their  children,  for  ult;  in  the  district  of  Accn  (gald 
cout)  1  bindfLl  of  ult,  the  most  laluible  mercbuidise  after  gold, 
will  purebiM  on«  or  own  two  slavet." 

"  Only  very  few  nationi  reftsin  from  the  ««e  of  islt  entirely," 
(P  tha  author  gi'ea  no  intUince  of  «udi  entire  abttinence)  ;  "  or 
try  to  lapply  its  place  by  lum^M."  (pp.  I  uid  2.)  In  the 
DOrtbem  parts  of  the  hit!  connlriet  of  tt<qnca1  Africa,  salt,  in  con- 
Kqnenca  of  the  long  carnage  tbrongh  the  desert,  beeames  to  dear, 
that  only  the  rich  can  procure  it.     "  Even  Mungo  Park  mentiona. 
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LETTEE  XXIX. 

Bread  sod  fieah,  or  vegetable  and  Eimcnal  food,  act 
in  the  Bame  fi&y  with  reference  to  those  functions  which 
are  common  to  man  and  animals  ;  thej  form,  in  the 
living  body,  the  same  products. 

Bread  contains,  in  its  composition,  in  the  form  of 
vegetable  albumen  and  v^^etable  fibrine,  two  of  the 

that  anaong  the  Mandingoa  and  other  negro  tribes  in  the  ioteiior, 
the  cipreflBion,  ^  he  Jlavoura  hit  food  imth  aalCf  ii  i^onymoiu 
with  lh«t  of,  he  it  a  rich  nun.  ParV  eiperiBoced  from  the  nece^ 
rity  of  giving  up  the  use  of  lalt,  eipecially  when  long  confined  to 
vegetable  food,  a  longing  after  ult,  unch  ta  be  nt  unable  to 
expieu  ia  wordt.  Ca1h£  alto  uiurei  ui  (bat  'the  natirea  of 
Rankau  an  Hldom  able  to  uae  salt  with  their  food  on  account  of 
ita  high  price,  and  that  it  it  there  an  article  of  luxury.'  The 
Handingoee  and  Bamharaa  uae  ult  onlj  on  certain  feitival  days." 
— (LebrbDch  der  Salinenkunde,  Earsten,  Berlin,  1B46,  pp.  720, 
724,  764,  75i.) 

keep  them  alive.  According  to  Warden,  for  eiample,  in  the 
northern  dislriclt  of  Brazil,  domeitic  animals  died  when  the;  did 
not  receive  a  fiisd  portion  of  rait  or  saline  sand  ;  and  according  to 
Boulin.wben  thecattlsdid  not  find  salt  in  the  plants,  in  the  water, 
or  in  the  earth,  the  females  became  less  prolific,  and  the  herd 
rapidly  diminished  ia  number." — (Moglin'sche  Annalen,  II.,  1S47, 
p.  29.) 

In  a  prize  essay  on  the  use  of  salt,  crowned  by  the  Academy  a( 
Hediune  in  Bruasela,  Dr.  Le  Saine,  remarks,  that  "Salt  inursaes 
the  fertility  of  the  male,  and  the  tendency  of  the  female  lo  conceive, 
and  doubles  the  power  of  DOuriahing  the  fielos.  During  the  period 
of  anckling,  the  ult  given  to  tlie  mother  ronden  the  sucking  animal 
stronger,  and  the  milk  more  abundant  and  mors  nutritious.  Salt 
acc«lermtes  growth,  and  renders  the  wooi  of  sheep  finer-  The  0eah 
of  animals  which  have  had  abundance  of  sail  is  better  flavoured, 
more  nutritious  and  more  eaiily  digested,  than  that  of  animals 
which  receive  no  salt  in  their  food."— (Joiuiul  de  Chimie  Hedi- 
calB,IB49,  p.  127.) 
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chief  constituents  of  fleeb,  and,  in  its  incombustible 
constituentB,  the  salts  which  are  indispenBable  for 
unguification,  of  the  SEtme  ^unlity  nnd  in  the  same 
propOTtion  as  flesh.  But  flesh  contains  besides  these, 
a  number  of  substances  which  are  entirely  wanting  in 
vegetable  food  ;  and  on  these  peculiu'  constituents  of 
flesh  depend  cerbun  efiects,  by  which  flesh  is  essen- 
tially distinguished  from  other  articles  of  food. 

When  finely  chopped  muscular  flesh  is  lixiviated 
with  cold  water,  and  pressed  out,  diere  is  left  a 
white  fibrous  residue,  consisting  of  the  true  muscular 
fibres  of  cellular  tissue.  Tessels,  and  nerves. 

When  the  lixiviation  is  complete,  the  water  dissolves 
trovD  16  to  24  per  eent,  of  the  wdght  of  the  dry 
flesh.  The  fibrine  of  flesh,  the  chief  constituent  of 
the  muscular  fibre,  constitutes  three-fourths  of  the 
weight  of  the  lixiviated  residue.  If  this  residue 
he  heated  to  between  158°  and  177°  F.,  the 
fibres  contract  together,  shrink,  and  become  horny 
and  hard ;  a  change,  a  kind  of  coagulation  takes 
place,  in  consequence  of  which  the  fibres  of  flesh 
lose  the  power  of  sucking  up  water  like  a  sponge,  and 
retaining  it.  Water  flows  out,  for,  without  the 
addition  of  water  the  pressed  residue,  when  heated, 
soon  swims  in  water.  The  lixiviated  flesh,  when  boiled 
with  water,  is,  like  the  water  in  which  it  has  been 
boiled,  tasteless,  or  has  a  slight  nauseating  taste  ;  it 
cannot  be  masticated,  and  even  dogs  reject  it. 

All  the  savoury  constituents  of  flesh  are  conttuned 
in  the  juice,  and  may  be  entirely  removed  by  lixivia- 
tion with  cold  water. 

When  the  watery  inAision  of  flesh  thus  obtained, 
which  is  commonly  tinged  red  by  some  of  the  colour- 
ing matter  of  blood,  is  gradually  heated  to  boiling, 
the  albumen  of  fash  separates,  when  the  temperature 
has  risen  to  133°,  in  nearly  colourless  cheesy  floceuli ; 
the  colouring  matter  of  the  blood  is  not  coagulated 
til]  the  temperature  rises  to  158°.     The  liquid  is  now 
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pale  jellowish,  clear,  and  it  reddens  litmus  paper, 
proving  the  presence  of  a  free  acid. 

The  proportion  of  the  albumen  of  Jlesh  separated 
as  a  coagulum  bj  hesit  is  veiy  Tarious,  according  to 
the  age  of  the  animal.  The  flesh  of  old  animaJs 
often  yields  no  more  than  1  to  2  per  cent. ;  that  of 
young  animals  as  much  as  14  per  cent. 

The  infusion  or  extract  of  flesh,  after  being  freed 
bj  boiling  from  albumen  and  the  ei^ouring  matter  of 
blood,  has  the  aromatic  taste,  and  all  the  properties 
of  the  soup  made  bj  boiling  the  fleah.  When  eva- 
porated,  even  at  a  gentle  heat,  it  becomes  darker 
coloured,  finally  brown,  and  acquires  the  Savour  of 
roast  meat.  When  dried  up,  there  is  obtained  a 
brown,  somewhat  soft  mass,  amounting  to  12  or  13 
per  cent,  of  the  weight  of  the  original  flesh  (supposed 
to  be  dried).  This  extract  is  easily  soluble  in  cold 
water,  and  when  dissolved  in  about  thirty-two  parts  of 
hot  water,  with  the  addition  of  some  salt,  gives  to  this 
water  the  taste  and  all  the  peculiar  properties  of 
an  excellent  soup.  The  intensity  of  the  flavour  of 
the  dry  extract  of  flesh  is  very  great ;  none  of  the 
means  employed  in  the  kitchen  is  comparable  to  it 
in  point  of  flavouring  power. 

The  residue  of  fleah  after  exhaustion  with  cold 
water,  is  of  the  same  quality  in  different  animals ; 
so  that  it  is  impossible  in  this  state  to  disdnguish 
beef  from  poultry,  venison,  pork,  ic. 

On  the  other  hand,  the  soup  made  of  the  flesh  of 
different  animals  possesses,  along  with  the  common 
flavour  in  which  all  soups  resemble  one  another,  in 
each  case  a  peculiar  taste,  which  distinctly  recals  the 
smell  or  taste  of  the  roasted  flesh  of  animals ;  so  that 
if  wo  add  to  the  boiled  and  exhausted  flesh  of  roe- 
deer  the  concentrated  juice  of  beef  or  poultry,  the 
meat  thus  prepared  cannot  now  be  diatingmshed  by 
its  flavour  from  roast  beef  or  fowl. 

The  fibre  of  meat  is,  as  we  see  from  these  facta. 
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in  ita  natural  state,  steeped  in  and  surroanded  bj  a 
liquid  coDtBiDiiig  Eilbumen  ;  and  the  tender  quality  of 
boiled  or  roasted  meat  depends  on  the  amouDt  of  tbe 
albumen  deposited  in  its  substance,  and  there  coagu- 
lating, whereby  the  contraction,  toughening,  and 
hardening  of  the  fibres  is  prevented.  Meat  is  under- 
done or  bloody  when  it  has  been  heated  throughout 
only  to  tbe  temperature  of  coagulating  albumen,  or 
133°  ;  it  is  quite  done,  or  cooked,  when  it  has  been 
heated  through  its  whole  mass  to  between  158°  and 
165°,  at  which  temperature  the  colouring  matter  of 
the  blood  coagulates. 

From  these  considerations  we  may  deduce  certain 
coDcluBioaB,notwithoutimportance,for  tbe  preparation 
of  animal  food  ;  which,  od  account  of  the  universal 
interest  attaching  to  them,  are  perhaps  worthy  of 
being  pointed  out. 

If  the  mass  of  flesh  intended  to  be  eaten  be  intro- 
duced into  the  boiler  when  tbe  water  is  in  a  state  of 
brisk  ebullition ;  if  the  boiling  be  kept  up  for  a  few 
minutes,  and  the  pot  then  placed  in  a  warm  place,  so 
that  the  temperature  of  the  water  is  kept  at  158° 
to  165°,  we  have  united  the  conditions  for  giving  to 
the  fle^  the  qualities  which  best  fit  it  for  being 

When  it  is  introduced  into  the  boiling  water,  the 
albumen  of  the  flesh  is  immediately  coagulated  on 
the  surface,  and  to  a  certain  depth  inwards,  thus 
forming  a  skin  or  shell,  which  no  longer  permits  the 
juice  of  the  meat  to  flow  out,  nor  the  water  to  pene- 
trate into  the  mass.  The  flesh  continues  juicy,  and 
as  well  flavoured  as  it  can  possibly  become.  The 
greater  part  of  the  savoury  constituents  is  retuned  in 
the  meat. 

On  the  other  band,  if  the  mass  of  flesh  be  set  on 
the  fire  with  cold  water,  and  this  slowly  heated  to 
boiling,  the  flesh  undergoes  a  loss  of  soluble  and 
savout;  matters,  while  the  soup  becomes  richer  in 
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these.  The  albumen  is  gradaally  diaeolved  from  the 
surface  to  the  ceotre  :  the  fibre  loseB,  more  *»"  less, 
its  quality  of  shwtneBa  or  tenderness,  and  becomes 
hard  and  tough.  The  thinner  the  piece  of  fleda  is, 
the  greater  is  its  loss  of  savonry  constituents. 

This  ezplaius  the  veil-known  obserration,  that 
that  mode  of  boiling  which  yields  the  best  soup, 
gives  the  driest,  tougheat,  and  most  vapid  meat ;  and 
that,  in  order  to  obtain  well-flavonred  and  eatable 
meat,  we  must  reUnqoish  the  idea  of  making  good 
soup  from  it. 

If  finely-chopped  flesh  be  slowly  heated  to  b<Mltng 
with  an  equal  weight  of  water,  kept  boiling  for  a 
few  minutes,  and  then  strained  and  pressed,  we 
obtain  the  very  strongest  and  best  flavoured  sonp 
which  can  be  made  &om  flesh.  When  the  boiling 
is  longer  continued,  some  little  additional  organic 
matter  is  dissolved,  but  the  flavour  and  oUier  pro- 
perties of  the  soup  are,  thereby,  in  bo  degree 
increased  or  improved.  By  the  action  of  heat  en  the 
fibres,  a  certain  amount  of  water  or  juice  is  always 
expelled  from  them;  whence  it  happens  that  the  flesh 
loses  weight  by  boiling,  even  when  immersed  in  water 
(as  much  aa  15  per  cent,  of  the  weight  of  tiie  raw 
flesh}.      In  larger  masses  this  loss  is  not  so  great. 

Even  in  roasting  meat,  the  heat  must  be  strongest 
at  first,  and  it  may  then  be  much  reduced.  The  juice 
which,  as  in  boiling,  flows  out,  evaporates,  in  careful 
roasting,  on  the  surface  of  the  meat,  and  gives  to  it 
the  dark  brown  oolonr,  the  Inatre,  and  the  strong 
aromatic  taste  of  roast  meat. 

The  constituents  of  the  juice  of  flesh  and  of  the 
soup  are  very  numerx)us,  and  only  imperfectly  known  ; 
but  what  we  do  know  of  them  is  sufficient  to  excite 
much  interest.  There  is  no  part  of  the  body  more 
complex  than  the  tissue  we  call  muscle.  Innumerable 
nerves,  and  minute  vessels  filled  with  coloured  and 
colourless  fluids,  are  ramified  through  the  true  mnaon- 
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Ibf  Bubf  tonce.  Ttiat  irhieh  ire  remove  Ij  lliiTiatioa 
with  iriLter,~'tfae  juice, — contains  the  loluble  matton 
of  the  irhole  tiasne.  Socp,  like  the  fleih  itself,  is  of 
a  Terj  complex  nature.  Most  of  it«  coiHtitueBtB  are 
Tcrj  rich  in  nitrogen :  tiro  of  them,  kreatine  and 
itrAottMNtf,  may  b«  obUuned  in  fine,  coloarleei,  trans- 
parent crystals.  The  juice  of  fieah,  or  the  lonp,  is 
particularly  rich  In  incombustible  matters,  which  con- 
stituto  npwards  of  one-fourth  of  the  weight  of  the  dry 
extract  of  flesh. 

The  free  acid  of  the  juice  of  flesh  or  of  loup  appears 
to  be  formed  in  conseqnence  of  a  change  which  begins 
very  quickly  after  death,  or  is  effected  by  Ijoihag. 
The  mneeles  of  animals  just  killed,  befwe  the  occur- 
rence of  the  stlffiiesa  that  foUows  death,  do  not  redden 
blue  litmus  paper. 

Ereatine  is  what  is  called  an  iodiflerent  substance, 
bnt  only  in  the  sense  that  it  [^ys  neither  the  part  of 
Ku  acid  nor  that  of  a  base. 

Ereatinine,  on  the  other  hand,  which  occurs  in  the 
juice  of  flesh  in  much  smaller  qnasti^  than  kreatine, 
is  a  powerfnl  organic  base.  It  connects  itself  with 
the  series  of  the  nitrogenised  organic  bases  of  the 
vegetable  kingdom,  among  which  are  found  the  most 
terrible  poisons  and  the  most  active  remedies  ;  it  haa 
an  alkaline  reaction,  and  forms  cry stalli sable  salt* 
with  acids ;  it  is  found  only  in  animal  organisms. 
Kreatine  and  kreatiniue  are  prodncts  ot  the  vital  pro- 
cess, and  constitnents  of  the  flesh  of  aU  vertebrata 
hitherto  examined.  Human  flesh  is  narticnlarly  rich 
in  kreatine.  These  two  bodies  are  eloeely  Telat«d  to 
each  other ;  they  contain  the  same  elements  in  the 
same  proportion,  excepting  a  certain  amotmt  of  oxygen 
and  hydrogen,  but  kreatine  contains  the  elements  of 
four  equivalents  of  water  more  than  kreatinine.  Each 
may  be  converted  into  the  other.  In  contact  with 
a  strong  acid,  kreatine  loses  the  elements  of  four 
equivalents  of  water,  and  kreatinine  is  produced,  which 
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nentr&lises  &  part  of  the  acid.  Kreatinine,  wlien  iii 
the  act  of  Beporating  from  its  combination  with  chloride 
of  sine,  takes  up  water,  and  U  re-converted  into 
k  reatine.  • — (Heintz.) 

The  Docurrenoe  of  these  two  bodies,  and  the  relation 
between  them,  lead  to  the  suspicion  that  they  possess 
some  significance  in  regard  to  the  vital  process  ;  a&d 
it  would  appear  especially  as  if  some  effect  were  con^ 
uected  wiUi  the  conversion  of  kreatine  into  kreatinine, 

From  the  juice  of  fleah  (of  oz  heart)  there  have 
also  been  obtained,  by  distillation  with  solphoric  acid, 
small  quantities  of  volatile  acids,  butyric,  acetic,  and 
formic  acids  ;  and,  irom  the  residue,  inosite,  a  non- 
nitrogeuons  body,  having  the  same  composition  aa 
mitk'Sugar,  but  differing  from  it  in  many  properties 
(Scherer) ;  also,  a  non -nitrogenous  acid,  identical  ia 
composition  with,  and  very  similar  to,  tactic  acid,  but 
difiering  from  it  in  its  salts  ;  and  a  nitrogenous  acid, 
inosinic  acid,  especially  in  ^e  juioe  of  the  flesh  of 
fowls,  turkeys,  Ac, 

All  these  substances  constitute  but  a  small  part  of 
the  extract  of  flesh.  By  far  the  greater  part  of  it 
consists  of  uncrystallisable  compounds,  the  properties 
of  which  have  not  yet  been  sufficiently  studied,  aa 
that  we  do  not  know  how  to  separate  them  from  one 
another.  To  these  substances  belong  the  savoury 
constituents  of  the  juice  of  flesh,  and  those  among 
them  which  become  so  easily  brown  when  gBotif 
heated  ;  and  a  substance  which  agrees  with  guatine 
in  the  property  of  being  precipitated  in  thick  glutinous 
flocks  by  tannine  or  an  inftision  of  nut-galls.  In  the 
lixiviated  residue  of  flesh  no  uric  acid,  and  in  the 
aqueous  extract  of  flesh  neither  nrio  acid  nor  urea,  can 

*  In  ii  Hlulion  of  kmtJDine  Dot  quite  pun,  which  itood  Tor  (eTenl 
monthi  in  &  cupboud,  tha  whole  of  the  krattinjne  gndniUjr 
chufed  into  kiwllns,  which  wu  depoaiud  ia  «  tingle  fill*  luge 
crjiiMl ;  k  (Dgbt  mtmldinen  >ko  sjfieirad. 
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be  detected  ;  nhich  seenu  to  indicate  that  these  pro- 
ducts of  the  chauge  of  matter,  which  are  destined  for 
excretion,  are  removed  ae  rapidly  aa  they  are  formed. 
The  juice  of  flesh  also  contains,  a«  was  formerly 
stated,  a  compound  of  chlorine,  not  chloride  of  sodium 
(common  salt),  but  chiefiy  chloride  of  potassium.  This 
is  the  more  remarkable,  because  the  blood  whiob 
circulates  in  the  muscles  contains  propordoni^y  so 
much  common  salt.* 

The  juice  of  flesh  contains,  beyond  a  doubt,  the 
conditions  necessary  for  the  formation  of  the  whole 
mnscle,  and  for  the  production  of  its  peculiar  pro- 
perties, la  the  albumen  of  this  fluid,  we  hare  the 
Bubatance  serving  as  transition-product  to  the  fibrine 
of  flesh,  and  in  the  other  substances  tbe  matters  re- 
quired for  the  production  of  cellular  tissue  and  nerves. 

The  juice  of  flesh  contains  the  food  of  the  muscles; 
the  blood,  the  food  of  the  juice  of  flesh.  The  muscular 
system  is  the  source  of  all  the  manifestations  of  force 
in  the  animal  body ;  and  in  this  sense  we  may  regard 
the  juice  of  flesh  as  the  proximate  condition  of  the 
production  of  force. 

From  this  p«nnt  of  view  it  is  easy  to  eiplun  the 
efleot  of  soup.  Soup  is  the  medicine  of  the  con- 
valescent. Ko  one  estimates  its  value  more  highly 
than  the  Hospital  physician,  for  whose  patients  soup, 
as  a  means  of  restoring  the  exhausted  strength,  cannot 
be  replaced  by  any  other  article  of  the  Fharmacop(sia. 
Its  virifying  and  restoring  action  on  the  appetite,  on 
tiie  festive  organs,  the  colour,  and  the  general 
appearance  of  the  sick,  is  most  striking. 

*  Id  Iha  miucl«,  MpecUlj  those  of  Iha  neck,  of  ma  ■Uigmlor, 
which  hmd  died  of  k  dinto  tho  natnio  of  which  cannot  qdw  bo 
SMertained,  and  which  wu  obuined  for  the  Anatomicul  MuKum  of 
OiuHn,  the  fl«h  had  a  peculiar  ituned  or  ipotted  tppeanuicg,  and 

le  CTTBtali  of  uric  icid,  dcpoaited  betweea  the  pritneij  bandlei 
'ir  £hn  lud  the  cellular  tiiaue. 
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It  u  evident  Qu,t  the  coBstiluenU  of  the  blood/ 
whieh  Are  *o  different  from  those  of  tbe  juieo  of  fl«di, 
Diiiet  undergo  a  whole  aeries  of  ebftnges  befor«  thvj 
acquire  the  form  and  quality  adapted  to  ^  pro- 
duetioa  of  the  living  muscle,  before  thej  become  con- 
Btitnents  of  the  juice  of  flesh.  In  fleeh  we  eat  these 
products,  prepared,  not  in  our  own  organism,  but  in 
another,  uid  it  is  extremely  probable  that  thej,  or  a 
part  of  them,  retain,  when  introduced  ioU>  a  second 
organism,  the  power  of  causing  the  aame  chimgea,  and 
producing  die  same  effects  as  in  t^at  co^anism  in 
which  thej  were  fonned. 

Herein  consists,  obrionslj,  the  high  value  of  fle^, 
taken  as  a  whiJe,  a*  an  article  of  food.  Hay  and 
oats,  potatoes,  tonupB,  bread,  iic,  produce  in  the 
living  body  blood  and  flesh;  bot  none  of  all  tiieae 
substanoes  reprodaces  flesh  with  the  same  ra^ndity,  or 
restores  the  muecnlar  substance,  wasted  by  work,  with 
so  «n^  an  e:q>e(uliture  of  orgonio  force  as  iwtmal 
food. 

Ssgaetoui  and  experienced  physicianR,  and  irf  th«M 
especially  Farmentier  and  Frouat,  baro  long  ago 
endearoured  to  procare  a  more  extended  eppUcatioD 
of  the  extract  of  meat.  "  In  the  supplies  of  a  body 
of  troops,"  says  Farmentier,  "  extract  of  meat  would 
offer  to  the  severely  wounded  soldier  a  means  of 
invigoration,  which,  with  a  little  wine,  would  instaatlj 
reat<»«  his  powers,  exhausted  by  great  loss  of  Uood, 
and  enable  him  to  bear  the  being  trsmsported  to  the 
neu^st  field  hoq>ital."  "  We  cannot,"  says  Froust, 
"imagine  a  more  fortunate  application.  What  more 
invigorating  remedy,  what  more  powerfully-acting 
panacea  than  a  portion  of  genuine  extract  ot  meat, 
disBcdred  in  a  glass  of  noble  wine  i  The  moat 
reeherehS  delicacies  of  gaBtronomy  are  all  for  the 
spoiled  children  of  wealth  !  Ought  we  then  to  have 
nothing  in  our  field  hospitala  for  the  unfortunate  soldier, 
whose  fate  condemns  htm  to  suffer,  for  our  benefit. 
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the  boFTon  of  n  long  death-straggle  AmidBt  enov 
aod  the  mud  of  siramps  !  " 

Now,  when  science  has  made  as  better  acquainted 
with  the  natnre  and  quality  of  the  juice  of  flefth,  it 
a[^)ears  to  be  tnilj  a  matter  of  conBcieiice,  again  aad 
again  to  Tocommend  to  the  attention  of  goTerninentB 
iik«  eaggestions  of  these  nohle-hearted  moD. 

loFodolia,  in  Buenos  Ayres.in  Mexico,  in  Anstralia,* 
and  in  many  parts  of  the  United  States,  where  beef  or 
mutton  has  only  a  nominal  ralue,  we  could,  with  the 
Nmplest  means,  collect  immense  quantities  of  the  best 
extract  of  meat,  the  imparlation  of  wluch  might  per- 
haps acquire  a  very  p«cidiar  importance  for  the  potato- 
eating  population  of  Europe.  For  the  numerous 
hospitals  of  the  Continent,  and  their  unfortunate 
tenants,  this  extract  would  replace  the  soup  ;  and  the 
physician  would,  by  its  means,  be  enabled  to  prescribe 
at  all  times,  and  under  all  oircumstanees,  soup  of 
uniform  quality,  and  of  any  given  atrengch. 

The  experiment  has  several  times  been  made,  of 
manufacturing  extract  of  meat  on  the  large  scale  where 
meat  is  very  cheap,  and  of  making  from  it,  under  the 
name  of  portable  sonp' tablets,  an  article  of  commerce. 
But  the  product  of  these  mannfaetories  did  not  become 
popular ;  and  was  not  used  in  hospitals,  where  it  ought 
to  have  been  most  advantageously  employed.  The 
cause  of  this  wa«  In  the  article  itself.  It  was  too 
dear,  and  it  wu  soon  discovered  that  it  had  not  the 


*  Mr.  Jiimn  King,  one  of  the  miMt  iatenifent  eolonitii  of 
Andnlii,  who  hu  moit  tighlj  diiliDguiihed  hiniHlf  in  Mgard  to 

the  r,uld™tion  of  the  vine  in  tlml  qu»rter  of  theglobe,  wiitei  to  mo 
u  follow! :— "  Imwang,  near  lUjmond  Termce,  New  Soulh  Wdet, 
26th  Ociober,  1S50.  Thii  diitiict  ig  ui  excellent  and  nidely 
exteaded  putiire  countrj.  Ottlle  ud  iheep  ire  ■bundtol  mi 
cheip.  Thoniiiids  of  them  tn  (iBnghtered  every  tnonth,  ind  Ihs 
tieih  it  boiled  down  to  obtain  the  &t.  The  nutiitiouB  jwrt  of  the 
fleih  ia  thrown  twtj  u  worthleta.  The  beat  beef  cotti  no  tporo 
Uiui  one  htUpennj  per  pound." 
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properties  and  the  effects  of  soup.  The  inferior  quality 
of  these  soup  tablets  was  chiefly  caused  by  an  entirelj 
erroneous  rieir  which  wm  eatertained  concerning  the 
cause  of  the  good  effects  of  soup.  It  hod  been  long 
obMired  that  soup  made  bj  boiling  from  meat,  when 
concentrated  to  a  certain  point,  gelatinises,  or  forma 
a  jelly,  like  all  strong  and  highly-flaToured  sancea  or 
stock ;  and  people,  without  any  sufficient  reason  for 
doing  so,  adopted  the  opinion  that  the  substance 
(gelatine)  which  attracted  the  eye  most  was  also  the 
most  effifflent  and  important,  indeed,  the  chief  con- 
stituent of  good  soup.  Thus  it  came  to  pass,  by 
degrees,  that  people  took  the  gelatioismg  matter  for 
the  true  soup  ;  and  as  the  manufacturers  of  the 
tablets  soon  found  that  the  best  meat  did  not  yield  the 
finest  tablets — that  white  meat  made  them  harder,  and 
more  easily  preserrcd — and  that  tendons,  feet,  car- 
tilage, bones,  ivory,  and  hartshorn,  yielded  the  most 
beautiful  and  must  transparent  jelly- tablets,  which  were 
cheaply  obtained,  and  sold  at  ahigh  price,  ignorance  and 
the  love  of  gain  exchanged  the  valuable  constituents 
of  flesh  for  gelatine,  only  to  be  distingnished  from 
common  joiner's  glue  by  its  high  price.  It  was  no 
wonder  that  such  a  product  failed  in  acquiring  a  hold 
on  the  public  mind. 

The  erroneous  notion  that  gelatine  was  the  active 
principle  in  soup,  led  at  last  to  the  experiment,  in 
the  Hospital  of  St.  Louis,  at  Paris,  of  replacing  the 
true  genuine  meat  soup,  to  the  extent  of  one-half  by 
gelatine  obtained  from  bones  by  long  boiling.  But 
from  that  time  the  action  of  gelatine  became  an 
object  of  research  to  scientiflo  men  (Doun^) ;  and  the 
facts  ascertained  by  them  led  to  a  confiict  of  opinions, 
and,  in  consequence  of  this,  to  valuable  researches 
(among  which  those  of  a  commission  of  the  French 
Academy,  with  Magendie  at  its  bead,  must  be 
particularly  pointed  out,)  on  the  nutritive  power  of 
gelatine,  and  on  nutrition  generally,  by  which  the 
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early  errors  were  corrected,  and  a  number  of  new 
facts  fixed  and  gained  ooncemiDg  the  nutritive  voluea 
of  many  articles  of  food,  animal  and  vegetable.  It 
has  now  been  proved,  bj  the  most  convincing  ezperi- 
mentB,  that  gelatine,  which  hj  itself  is  tasteless,  and 
when  eaten  eicites  nausea,  possesses  no  nutritive 
Tslae  ;  that,  even  when  accompanied  by  the  Bavoury 
constituents  of  flesh,  it  is  not  capable  of  supporting 
the  vital  process,  and  when  added  to  the  usual  diet 
as  a  tubatitnte  for  plastic  matter,  does  not  increase, 
but  on  the  contraiy  diminishes  the  nutritive  value  of 
the  food,  which  it  renders  insufficient  in  quantity 
and  inferior  in  quality  ;  and  that  Its  use  is  hurtful 
rather  than  beneficial,  because  it  does  not,  like  the 
non-nitrogenous  substances  provided  by  nature  for 
respiration,  disappear  in  the  body  without  leaving  a 
residue,  but  overloads  the  blood  with  nitrogenous 
products,  the  presence  of  which  disturbs  and  impedes 
the  organic  processes. 

We  now  know  that  the  active  ingredients  of  soup 
are  found  ready  formed  in  the  aqueous  infusion  of 
flesh,  and  are  not  products  of  the  culinary  operations, 
and  that  the  gelatine  of  soup  is  formed  by  long  boiling 
of  the  flesb,  from  the  cellular  membrane  of  the 
muscular  tissue.  Since  these  things  have  been 
ascertained,  the  use  of  gelatine  as  a  nutritive  and 
invigorating  substance  has  been  entirely  given  up  ; 
and  it  only  retains  a  place  in  the  domain  of 
unscientific  cookery,  in  the  "form  of  mucilaginous 
or  gelatinous  soups,  not  very  attractive  to  the  palate, 
made  in  China  from  the  air-bladder  of  fislies,  and  in 
England  from  the  flesh  of  turtle ;  articles  of  diet 
which  are  a  fertile  source,  although  seldom  justly 
appreciated  in  this  view,  of  disturbance  in  the  digestive 
process.* 
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Experience  lifts  taught  us  that  the  nutritire  tbIiw 
of  ordiaar;  boiled  meat  is  leaaened  when  it  ia  taken 
without  the  soup,  and  direct  experiments  have  proved 
that  meat  thoroughiy  hoiled  and  lixiviated  hardly 
retains  anj  nutritive  value  at  all.  In  the  experi- 
ments of  the  French  Academicians,  a  dog,  weighing 
12'6  lbs.,  nhich  was  fed  dailj  with  a  i  lb.  of  boiled 
flesh,  softened  in  water,  thoroughly  expressed  and 
freed  from  fat  as  much  as  possible,  lost,  in  the  course 
of  43  days,  one-fourth  of  his  weight.  After  55  days 
his  emaciation  was  extreme ;  he  could  hardly  eat 
the  fourth  part  of  his  ration,  and  his  utter  exhaustion 
was  evident  to  the  eye.  The  animal,  however,  con- 
tinued lively,  his  hair  was  shiDUig,  and  he  showed  in 
no  respect  the  symptoms  of  consumption  from  disease, 
but  rather  looked  like  an  animal  which  had  good 
food,  but  in  a  quantity  far  inferior  to  his  wants.  On 
the  other  hand,  dogs  fed  daily  with  the  same  weight 
of  raw  flesh  (which  contains  more  water  and  less 
solid  matter  than  boiled  meat)  of  the  poorest  quality 
(sheep's  head),  exhibited,  after  120  days,  no  signs  o( 
disturbance  in  health,  and  retained  their  full  weight. 
It  is  certain  that  the  first  dog,  also,  would  have 

will  enlirdj  miM  thiir  urn,  nnlea  tbej  raoM  orafullj  ind  ooD- 
adcntioiuly  mk  to  sToid  ths  enon  of  thoM  vha  hiva  faitherto 
Kttemptcd  it.  Hair  as  honr'i  boiling  of  the  chapped  meit  wilU 
eight  or  ten  time>  ila  weight  of  wsteT,  lufiiFei  to  dinolTe  all  tbe 
octire  ingredienti.  The  decoclkn  mult,  before  It  ii  enponUd, 
1>e  mate  carefully  cleanied  from  aU  fat  (which  would  became 
rudd),  and  the  evaponlion  muat  be  conduclcd  in  the  water 
bilb,  True  extract  of  meat  »  never  bard  and  briitU,  but  eoft, 
and  it  itronglf  attracti  moiiturc  from  the  atmoiphere.  The  boil- 
ing of  tbe  meat  in  tbe  fint  Initaaca  maf  be  outied  on  in  clean 
copper  reaaele,  but  for  tbe  erapOTaUan  of  the  loup,  reaeli  of  pur* 
liD,0Titill  better,  of  pOKeUin,>hoaldb«  employed.  If  tbe  price  of 
the  extract  ahould  tie  found  not  to  exceed  about  three  ■hillinEi 
per  pound,  it  would  certainly  became  a  inoat  proEtable  commodiij. 
In  aiciscn,  without  reckoning  the  cmt  of  pnponlion,  tbe  eiiTact 
of  meat  cannot  be  produced  for  leu  tlian  fhom  ill  ihillinga  to  aeren 
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eobtinned  faealtbj,  if  be  had  been  fed  Tiith  tbe  mettt 
thoroDgblj  boiled,  bat  not  lixiTiated,  and  hod  got  at 
tbe  Bune  time  tbe  soup  fonued  in  boiling  U ;  and 
tbiu  the  loia  of  sntritive  power  in  tbe  flesh  was 
obriouslj  caused  hj  tbe  removal  of  the  ingredients  of 
the  ftoup. 

No  one  of  all  tbe  organie  conatitnents  of  the  loup 
or  juice  of  flesh  conBtitutes  a  part  of  the  blood,  as  far 
as  onr  present  knowledge  extends.  We  assume 
that  these  substances  can  contribute  to  tbe  repro- 
duction of  muscle  in  tbe  living  bod]r,  but  thej  are 
incapable  of  conversion  into  tbe  albumen  or  the 
fibrine  of  tbe  blood.  Meither  can  Ihey  be  regarded 
ae  eesentisl  conditions  of  the  digestive  and  nutritive 
process,  because  milk  and  vegetable  food  possess 
full  nutritive  value,  without  containing  a  Bubstance 
analogous  to  tbeee  oompoands. 

It  cannot,  therefore,  be  maintained  that  tbe  loss  of 
nntritive  value  in  lixiviated  flesh  is  caused  by  the 
removal  of  the  soluble  organic  constituenls  of  tbe 
juice  ;  and  we  must  consequently  look  for  tbe  cause 
of  this  phenomenon  in  tbe  incombustible  constituents 
of  the  soup  or  the  juice  of  flesh. 

A  glance  at  the  analyses  of  tbe  ashes  of  flesh,  of 
the  juice  of  flesh,  and  of  the  boiled  and  lixiviated 
meat,  suffices  to  show  that  in  the  boiling  and  lixivia- 
tion  of  tbe  flesh,  by  far  tbe  greater  part  of  the  salts 
enters  into  the  soup. 

Now,  if  we  compare  tbe  ashes  of  flesh  with  those  of 
the  blood  of  the  camivora,  ne  find  that,  with  tbe  excep- 
tion of  the  common  salt  in  the  blood,  they  contain  the 
same  elements,  very  nearly  in  tbe  same  absolute  quan- 
tity and  the  same  relative  proportion.  Flesh  contains 
the  salts  of  tbe  blood,  and,  as  is  proved  by  the  reeults 
of  a  flesh  diet,  in  a  proportion  well  adapted  for  san- 
gnifioation,  and  such  as  in  no  way  disturbs  tbe  vital 
operations. 

But  when  flesh  is  exhausted  by  boiling  and  Uxivia- 


caniMovCoO'^lt^ 


us  LETTERS  OH  CHKMI8TBT. 

tion,  these  salta  ore  dirided  inte  two  portione  ;  ih9 
residual  meat  contains  a  far  smaller  proportion  of 
ulta  than  the  blood. 

Freeh  meat,  when  incinerated,  leaves  d\  per  cent, 
(of  the  weight  of  the  dried  fieah)  of  saltt.  Ueat 
eih&uated  hy  boiling  leaves  hardly  I  per  oent. 
10  lbs,  of  fresh  meat  yield,  in  all,  42'93  grammes 
(21  oi.  avoirdupois,  or  662-8  grains) ;  but  when 
these  10  lbs.  are  exhausted,  bv  lixiviation  and 
boiling,  544*7  grains  of  the  662-8  grains  enter  the 
soup,  and  there  remain  in  the  meat  only  118  gnuDS< 
The  fresh  meat  contains,  in  its  ash,  upwards  of  40 
per  cent,  of  potash,  the  exhausted  flesh  only  478 
per  cent,  of  that  alkali.* 

The  whole  amonnt  of  salts  in  the  flesh  would  have 
been  necessary,  and  would  have  sufficed,  to  form, 
with  the  fibrine  and  albomen  of  the  flesh,  blood  of 
the  same  quality  as  that  already  present  in  the  hod;  ; 
and  it  is  perfectly  clear,  that  by  the  lose  of  ^-tbs 
(82  per  cent.)  of  these  salts,  indispensable  to  aangni- 
fioatJon,  the  flesh  lost  so  much  of  its  value  in  the 

,    *  CompoHtioD  of  tbe  Bahee  of  floh,  acccoidisg  (o  Keller  : — 


■prr-"  .  ■ .  ■ . 

40-20 

Eulbiuid  oxide  of  iron    . 

6-69 

Salphnrie  add       . 

2-95 

Chloride  of  potasBum 

14-81 

100-25 

When  boiled,  lh.re  enter 

And  Ihera  nmili 

into  the  .«p, 

theuAauMH 

Pfaeipliorie  tdd       .    .      26-24 

1036 

Poiuh 5Si2 

4-78 

Eertlu  mud  Inm       .     .         3-lG 

2-54 

SulphDrie  uid      .     .  .         2-95 

Chloride  of  potuunm.      14.81 

(l2-fi7 

17-68 

The  ioup  eontuni  0-46,  the  randna  1-42, 

efph«plu«of 
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formation  of  blood.  The  deficiency  of  salts  did  not 
deBtroj  in  the  fleah  the  property  of  nndergoing  a 
transformation  in  the  body  ;  but  its  chief  constitueats 
(the  fibrine  and  albnmen  <^  flesh)  could  not  become 
constituents  of  the  blood,  for  want  of  the  necessary 
conditions  ;  and  the  fleah,  becoming  a  respiratory 
material  (and  a  very  imperfect  one)  lost,  in  a  great 
measure,  its  nutritiTo  power.  Its  sangwfic  ralue 
was  lessened  with  the  amount  of  salts  removed,  and, 
probably,  quite  as  much  in  consequence  of  the  cir- 
cumstance that  the  relative  proportions  of  the  indi- 
Tidual  salts  left  in  the  meat,  after  the  diTiaion  into 
soluble  and  insoluble,  effected  by  the  action  of  the 
water,  was  very  ill  adapted  for  sanguification.  The 
exhausted  meat  contains  in  its  ashes  upwards  of  17 
per  cent,  of  phosphoric  acid  beyond  the  amount  re- 
quired to  produce,  with  the  bases  present,  salts  of  an 
alkaline  re-action,  such  as  are  indispensable  to  blood. 
By  a  divisionof  the  salts  of  this  ash  (of  exhausted  meat) 
into  an  acid  salt,  which  we  may  suppose  to  be  ex- 
creted by  the  kidneys,  and  a  salt  of  alkaline  character, 
capable  of  serving  for  sangailicatioo,  the  efficient 
quantity  of  salts  in  that  ash  must,  of  course,  be  still 
further  diminished.* 

We  can  now  understand  the  cause  of  the  loss  of 

*  Food  wbich,  like  the  ^olk  of  hen'i  egg9,coDtaiDt,  ia  its  uhei, 
potuh  ud  phn^riioric  acid  in  tbe  Hmie  proportioa  u  tfag  uid 
phoepbmtei  (P0„  HO),  cunoC  potKBi,  linni  luch  ft  diiieion  u 
igdicatfld  in  the  Iflxt  it  no  longer  pouible,  any  languific  valqe,  if 
given  bj  itself,  "without  other  food.  Hagendie  reporti,  in  bii 
eiperimenta  ;  "  Aa  we  hid  plenty  of  jolki  of  egga  at  our  commaqd, 
we  wiahed  to  Irj  if  dogt  conld  be  fed  on  them.  For  this  purpoie 
ve  g»B  twelve  or  fifteen  hard-boiled  yolki  to  young  dog«  with 
ezoellent  appelilei.  On  the  6nt  day  the  jolki  were  eaten,  although 
with  some  aigna  of  repognance ;  on  the  aecond,  tbia  vu  itill  more 
dedded ;  ud  on  the  fourlli,  tile  ■nimali,  though  in  tho  higheit 
degree  bungry,  would  not  touch  Ihem."  The  yolk  coniiitotee  10, 
the  wbila  60  per  cent,  of  the  egg;  the  former  contninB  I'Sper 
cent,  the  latter  oulj  0'6£  pec  cent,  of  iccomhoalihle  matter. 
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nntritiTe  Tolue  in  Bklted  meBit,  ms  well  as  the  iaflueaee 
of  BQ  exclutive  aalt-iuMt  diet  on  the  quality  of  tha 
Llood  and  of  the  juicea.  Gverjr  housewife  knows  thmt 
fresh  meat,  epriukled  with  drj  lalt,  without  the  addi- 
tion of  a  drop  of  water,  is  found,  after  a  few  dajB, 
Bwimroing  in  brine,  and  that  the  weight  of  meai 
diminishes  oonuderablj  when  laid  in  brine,  while  the 
water  increasea.  Fresh  meat,  in  fact,  contains  loora 
than  three-fourtha  of  its  weight  of  water,  which  ia 
retained  in  it  as  in  a  sponge.  But  ^e  power  of  flesh 
to  absorb  and  retain  brine  is  far  less  considerable. 
In  similar  cirenmstaneeB,  it  onlj  takes  up  into  it* 
pores  half  as  much  of  saturated  brine  as  of  water. 
Hence  it  happens,  that  fresh  meat,  in  contact  with 
dry  salt,  allows  water  to  flow  out,  becauae  its  watei 
becomes  brine.  But  this  expelled  water,  whidt  ia 
found  surrounding  the  meat,  is  not  pure  water,  hat 
juice  of  flesh— soup,  with  all  its  actire  ingredients, 
organic  and  inorganic.  Flesh,  by  salting,  loses  in 
point  of  nutritive  value,  in  consequence  of  the  re- 
moval  and  division  (into  two  parts,  aoluhle  and  in- 
soluble) of  the  salts  indispensable  to  aanguiScation, 
which  are  present  in  it,  in  the  same  way,  if  not  to 
the  same  degree,  as  when  boiled.  Of  3  cwts.  c^ 
meat,  by  the  full  action  of  salt,  1  owt.  may  he  ren- 
dered useless  for  the  vital  process,  and  converted  into 
an  inferior  respiratory  material.  This  lose  may  be 
counteracted  (as  has  been,  indeed,  tried  with  success) 
by  evaporating  the  brine  till  the  salt  crystallises  out, 
and  adding  the  syrupy  mother  liquor  (which  repre- 
sents a  very  concentrated  solution  of  extract  of  meat) 
to  the  salted  meat,  after  it  has  been  boiled  tender,  to 
be  taken  with  it.  It  would,  obviously,  be  more  con- 
venient, but,  of  course,  more  expensive,  to  restore  the 
ingredients  of  the  juice  to  the  salted  meat  in  the  form 
of  pure  extract  of  meat. 

Flash  contains,  in  its  comporation,  certttin  vnirersal 
couditiooB  of  digestion  and  nutrition,  in  regard  to 
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which  other  kinds  of  animal  or  vegetable  food  resem- 
ble it.  In  its  fibrine  and  albumen,  it  has  a  definite 
value  for  the  production  of  the  fibrine  and  albumen 
uf  blood  ;  in  its  fat  it  possesses  a  value  for  the  pro- 
duction of  heat,  and  in  its  salts  a  value  for  the  pro- 
duction both  of  blood  and  of  heat,  as  well  as  for  the 
secretorj  processes.  In  addition  to  these,  fiesh  pos- 
sesses, in  the  very  remarkable  peculiar  constituents 
of  the  juice,  a  peculiar  value  for  certain  prooessea  of 
a  higher  order,  by  which  it  is  distinguished  from  all 
other  forms  of  animal  food. 

All  kinds  of  fiesh  are  not  equal  in  these  difierent 
values.  Veal,  for  eiample,  is  totally  different  from 
beef  in  respect  to  the  proportion  of  the  salts  contained 
in  both.  The  amount  of  ashes,  indeed,  is  nearly 
equal  in  veal  and  beef,  but  the  beef  is  much  richer  in 
alkalies.  Among  the  inorgonio  constituents  of  veal  * 
we  find  upwards  of  15  per  cent,  of  phosphoric  acid 
more  than  is  required  to  form  alkaline  salts  with  the 
bases  present  (salts  of  the  formula,  POj,  2  MO); 
it  contains  proportionally  little  of  the  easily  digestible 
fibrine  of  flesh.  The  greater  part  of  the  fibre  of  veal 
consists  of  a  substance  resembling  the  fibrine  of 
blood,  which,  in  water  acidulated  with  hydrochloric 
acid,  swells  up,  without  dissolving.  Veal  is  also  rich 
in  soluble  cellular  tissue  (gelatine),  and  usually  con- 
tains very  Uttle  fat. 

■  Anilyii*  of  the  dihei  of  veal,  bf  BlaJFel  («EteT  dedDcting 
common  ult). 

Pb.„b.,..rj.«^      •   TA\ro„2iio    .   js-71 

I'aoBphate  oiooda      .     .       6'66  J         '*' 

Pho.ph.l.<ifLime           .       3721  .... 

PhnphaU  or  HigncBa    .       6-31  J      "           "  "' 

Ffm  Pho^oric  idd 15-10 

Peroxide  a[  iron 0-30 

Silicic  icid 0-93 


Beef,  ucordiug  to  SUiSel,  contuni  1-06  per  cent,  of  peiozide 
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Veal  a  further  jerj  eaBontiallj  diBtinguiahed  frmn 
red  meat,  such  as  beef,  b;  its  cootiuiiing  much 
lets  iron. 

Among  the  inorganic  Bubstances  in  blood,  iron,  in 
the  form  of  oxide,  is  &  chief  coustitnent.  It  consti- 
tutoB  (after  deducting  tbe  common  -aalt)  more  than 
20  per  cent,  of  the  whole  aeh  of  blood  ;  and  the  con- 
stancy of  its  occurreDce,  as  well  aa  its  large  proportion 
in  the  blood,  indicates  sufficiently  the  high  Talue  which 
it  must  pOBsess  far  the  vital  operations. 

Iron  is  one  of  the  chief  constituents  of  the  colouring 
matter  of  the  blood,  and,  oonsequentlf,  of  the  bl«)od 
corpoBclos,  These  corpusoles  are  essential  to  all  the 
actions  of  the  blood  ;  they  effect  the  exchange  of 
gases  in  respiration,  the  whole  change  of  matter,  the 
production  of  heat  and  of  force  in  tbe  bodj.  The 
energy  and  intensity  of  these  processes  bear  a  very 
definite  relation  to  the  number  of  blood  corpuscles, 
and,  through  these,  to  the  amount  of  iron  in  the 
blood.  There  are  diseases,  such  as  many  cases  of 
chlorosis,  in  which  the  number  of  corpuscles  is  dimi- 
nished by  one-fourth,  and  the  proportion  of  iron  in 
the  ashes  of  the  blood  in  the  same  proportion  ;  and 
experience  has  shown  that  the  symptoms,  in  such 
cases  (great  bodily  weakness  and  weariness,  pale 
aspect,  and  deficient  heat),  may  he  entirely  remored, 
and  health  restored,  by  small  doses  of  the  salts  of  iron. 

The  function  of  iron,  and  the  indispensable  neces- 
sity for  iron  in  the  food,  is  obrious  irom  these  con- 
siderations. We  cannot  imagine  the  formation  of 
blood  globules  without  iron.  A  strong,  nutritious 
diet  must  contain,  under  all  circumstances,  a  certain 
amount  of  iroo,  corresponding  to  the  quantity  which 
daily  becomes  worn  out  or  inactiTo,  and  is  excreted 
by  the  intestinal  canal.  It  is  quite  certain  that,  if 
iron  be  excluded  from  the  food,  organic  life  cannot  be 
supported. 

Vegetable  food,  especially  grain,  and,  of  owme. 
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Wead,  contain  eib  much  iron  as  beef,  or  red  meat 
generatl;.  Yeal  eontsina  onlj  one-third  of  the  iron 
that  beef  does.  Cheese,  eggs,  and  especiallj  fleah, 
contaia,  in  proportion  to  the  alkalies,  a  qaantitj  still 
smaller  than  real. 

Milk  (which  contains  oulj  0*47  per  cent,  of  iron 
in  its  ashes),  cheese,  eggs,  and  fish,  belong  to  those 
articles  of  food  which  maj  be  nsed  in  fasting,  as  is 
practised  in  the  Roman  CathtJic  Church  ;  and  it  is 
in  the  highest  degree  probable  that  the  efFecta  aimed 
at  in  rriigious  prescriptions  and  rules  by  the  exclnsion 
of  flesh,  and  especiallj  of  red  meat,  are  to  be  ao- 
counted  for  by  the  deficiency  of  iron.* 

The  other  incombustible  constituents  of  fish  are 
the  same  as  those  of  beef.  When  fish  is  boiled,  a 
part  of  the  soluble  ingredients  is  taken  up  by  the 
Bonp,  which  is  usually  not  eaten,  and  the  sanguific 
Tslue  of  the  fish  is  thus  diminished.  The  nutritive 
Talue  of  dried  and  salted  fish,  which,  before  being 
eaten,  mnat  be  steeped  in  water  and  washed,  is  pecu- 
liarly low.  t 

•  Aihei  of  CteeM,  deducting  commoii  nit,  by  Johnion; — 


•  Of  UKMHttlllM,   M,l      . 

oamp«ltioD  of  oommoa  sdt  Jn  the  Him  di 
^''^^r*"*  Bo  bbUi  of  Kdi^  or  men  tmees  <^mi 
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In  Dumj  parts  of  Germuij  the  etockfiab  (dried  and 
Baited  cod)  is  Bt«eped  in  lime-water,  and  instinct  has, 
in  this  CMQ,  discovered  the  menna  which  science 
would  point  out  of  retainiii^  in  the  food  a  large 
proportion  of  the  phosphoric  acid  in  the  fonn  of  bone 
earth  ;  just  as  this  sure  guide  of  man  and  animals 
has  taught  ub  how  to  counteract  the  defects  of  real, 
fish,  and  eggs,  as  food  by  the  addition  of  vegetables, 
potatoes,  or  salad.  Kitchen  vegetables,  in  this  pmnt 
of  view,  fill  np  many  blanks.  The  quantities  of  salts, 
of  albalieB,  sod  aluiline  earths,  contained  in  many  of 
these,  excites  astonishment.  Celery  contains  from 
16  to  20  per  cent.,  common  salad  23  to  24  per  cent., 
and  cabbage-heads  (buds)  10  per  cent,  of  die  weight 
of  the  dry  plant,  in  the  form  of  inoombostible  salts. 

In  order  to  form  a  clear  idea  of  the  nutritive  value 
of  caseine,  of  the  fibrine  of  blood,  and  of  the  gel&- 
tinons  tissues,  it  is  necessary  to  consider  their  com- 
position  from  a  more  elevated  point  of  view. 

If  we  arrange  the  constituents  of  the  animal  body, 
which  form  the  chief  part  of  its  mass,  as  well  as 
caseine,  and  the  ultimate  products  of  the  change  of 
matter,  according  to  the  amount  of  nitrogen  they 
conttun,  and  its  proportion  to  the  carbon,  and  if  we 
place  first  those  which  contuQ  least  nitrogen,  we 
obtain  the  following  series: — 

EqnlTalentfl.  E^Tilnli. 


I,  Flbrlne  gtflHh 


e.  ChosdrllH 
9.  Honii 


Uood   . 

QT  tiBBQfl  Bnd  hull 


11,  OlyoooU 

12.  Knadsa  and  Kmdnlne 

IB.'  nie»»    , 
*  Of  Uia  toUtuea  in  tlw  »bon  wiiM,  the 


■   P 
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The  series  of  the  nitrogenoas  componndB  fonnod  in 
the  body,  be^s  vrith  Albmnen  and  ends  with  Ure*. 

Albumen  is  tbe  highest,  area  the  lowest  compound  in 
the  series.  The  yegetable  organism  builds  up  higher  or 
more  complex  ont  of  lower  and  less  complex  compounds. 
In  the  oircnit  of  animal  life,  tbebigher  are  resoWed  into 
lower  compounds.  Those  componods,  reckoning  down- 
wards from  albumen,  contain  the  nitrogen  of  that  body ; 
they  are  derived  from  albumen  under  the  influence 
of  oxygen,  by  the  gradual  elimination  of  carbon  or 
of  a  compound  of  carbon,  and  for  these  Eahstances 
tbe  vital  process  in  the  animal  body  is  one  of  reduction 
to  less  complex  organic  molecules  and  to  iuorganic 
compounds.  From  inoatnic  acid,  downwards,  the 
compounds  have  no  longer  an  organised  form. 
Olycocoll,  uric  acid,  allantoine,  and  urea,  are  crystal- 
liaable  ;  that  is,  tbeir  form  is  determined  by  an 
inorganic  force. 

We  now  see  bow,  from  tbe  fibrine  of  flesh,  fibrine  of 
blood,  or  from  the  latter,  the  Hubstanee  of  membranes 
and  cellnUr  tissue  may  be  formed  ;  but  from  gelatine 
or  the  fibrine  of  blood  no  albumen  can  be  produced. 
The  lower  may  be  fonned  from  the  higher,  but  not 
the  higher  from   the  lower  compound ;   for  such  a 


blood,  of  aggi,  ud  of  fl«h,  u  well  u  Ibe  cueino  of  milk,  hiie 
been  almdy  freqnsntly  Tncntioned  in  theie  Letten.  Chondrwit 
is  tbe  Diguik  iDBttci  of  bon«a  bcfoie  otuGation  ;  it  reiemblei 
geUtioe  ia  DUinj  proportio,  bat  diSbn  &om  ii  rnen^l]'  in  com- 
poaitiDD.  CSgaxxU  ii  TeijnmoriHblg  oo  nccounl  of  lu  propecUa. 
Aithoogb  Deithsr  udd  dot  illuline,  it  jet  pUji  tbo  pwl  both  of 
ui  acid,  uid  of  a  baA«,  Tt  nuy  be  obtained  from  gelatine,  cbolic 
tcid,  acid  hippniii:  add,  and  maj  b«  regarded  ai  coupled  niib  other 
iubatancBi  in  lliaae  compoiuidi.  ChoUc  acid  i>  a  chief  coDitilnent 
of  bile ;  bii^oric  acid,  nric  add,  allantoine  and  area,  are  conati- 
taenti  of  mine.  Hamj  tiiiue  ia  not  a  lingle  iwmpound.  When 
hamT  ihaTtngi  tie  left,  eoTered  with  water  in  ■  nutu  place,  the; 
pntref  J,  and  tbe  aqbaGancx  of  tbem  is  reaolved  Into  two  products,  one 
of  which  hu  tome  reeemblanee  to  caaeine,  the  other  to  tdbntnen  ; 
bat  both  iWet  in  vompoiition  from  thcM  bodiei. 
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process  of  oonstnictiim,  risiiig  in  tbc  scale,  is'  in 
contradiction  to  the  forces  acting  in  the  animal 
organism. 

We  are  able,  witk  the  cooperation  of  the  same 
conditions  ai  pterail  In  the  animal  body,  to  prodoee 
allantoine  from  uric  acid,  wea  from  kteatine  and 
uiic  acid  ;  and  we  bare  ewerj  reason  to  believe  that 
ire  shaU  in  time  be  enabled  to  form  uric  acid  ajid  urea 
from  gelatinous  tissues,  and  the  subatance  of  mem- 
branes from  the  fibrioe  of  blood,  just  because  these 
are  compounds  standing  lower  in  the  orgaoic  scale 
than  those  from  which  thej  are  to  be  produced.  The 
laws  of  destruction  are  always  first  ascertained  ;  and 
whether  we  shall  ever  learn  those  of  construction  is  a 
question  which  must  for  tbe  present  remain  mi- 
answered. 

It  is  frequently  asserted,  and  has  been  said  In 
these  letters,  that  albumen  and  caaeine  are  identical. 
This  is  not  strictiy  accurate  ;  for  it  is  only  the  fibrins 
of  flesh  and  the  albumen  of  blood  that  are  identical 
in  eompositioD  ;  the  albumen  of  eggs  differs  from 
these,  since  it  contains,  for  the  same  amount  of  the 
other  elements,  one-half  more  ntlphur.  It  is  oertain 
that  this  sulphur  must  be  separated  when  the  albumen 
of  eggs  is  converted  into  albumen  of  blood.  Caseine 
exhibits  a  similar  relation,  but  reversed.  For  the 
same  amount  of  sulphur  it  contains  more  carbon, 
hydrogen,  and  nitrogen,  than  the  albumen  of  blood  ; 
and  it  is  absolutely  certain  that  a  compound  eoa- 
ttuning  carbon,  hydrogen,  and  nitrogen,  mast  be 
separated  from  this  constituent  of  milk,  when  it  is 
converted  into  albumen  of  blood  in  the  body  of  the 
young  animal ;  because  in  no  other  way  can  it  yield 
a  compound  containing  more  sulphur  than  itself. 

Of  the  two  acids  of  the  bile,  one,  the  choteie  acid, 
contains  sulphur.  It  is  quite  certain  that  this  com- 
pound of  sulphur  is  derived  from  the  fibrine  and 
albumen  of  blood,  which  oontain  luli^iur,  and  not 
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from  the  subetaDce  of  membraDee,  or  the  cellular 
tiiaue,  which  ccHitain  no  sulphor. 

If  now,  taking  the  mean  of  the  b«et  aaaljeis  jet 
made,  ve  eiprera,  in  equivslenta  of  their  elemonti, 
the  compoBition  of  the  chief  oonstitaente  of  the 
uiimal  body,  of  caseine,  and  of  the  constituents  of 
the  bile  and  the  nrine,  we  fiod  that  theao  stand  in  the 
foUomng  rations  to  one  another. 


h   y  fbuid    i    '. 
.   J       for       i 


27       2l«       168       68* 


Fibrina  of  Blood            „            2       40  29S       22S       92 

Chondmie                     „            -         9  73         G9       82 

Gektiiuiu  Tiane         „            ~        13  82         67       32 

Cholcic  Add                 „            2         1  S2         45       14 

CholicAdd                  „            -         1  »2         49       12 

DrieAcid                     „            -         4  10           4         6 

Ure*                            „            -         2  2          4         2 

There  Is  nothing  hypothetical  in  these  formula) ; 
they  are  the  ezpreBsion,  in  numbers,  of  certain  facta, 

•  Comporitloii  of 

Albumsa  of  Blood.           CuebH.  Flbrioc  of  Bload. 
AoDDTdkigto 


kuOnU.  FonnoJa.  An^Tfl^.  T 


Attoreitg  (D  ttM  (bore      Fmnnlt.  Aiulr^a.    FanmilB.  AbiIj^h, 
Cuboa  »a         4M  40-8         IB.i 

mtnigm  14-4         H-fl  »s         i»e 

HTdnfCB  0«  Si)  »9  SK 

Oiygeo  an        f»3  SB'S        91^3 

The  tcconc;  of  tbe  fortnnlii  for  cfaolic  and  cLoliic  iwidt  bu  been 

proTcd  bj  Dr.  Strieker,  and  tbiLt  of  thooe  of  mic  icidj  iJluTtaiTiet 

and  nra,  bf  FMut  lod  otbon. 


c.an:a(,GoOgk 


438  LETTEE8  ON  CHEMISTRT. 

and  as  true  bb  analyaU  can  ha  in  the  present  state  of 
sdence.  They  have  the  advantage  of  enabling  us  to 
pero^ve  at  a  glance  the  variations  in  the  composition 
of  these  diAsront  bodies.  Bat  thej  contun  |«rhapa 
something  more  than  this. 

If  we  could  know  with  certainty  that  these  formaliB 
for  albumen,  fibrine  of  blood,  caaeine,  chondrine,  and 
gelatine,  were  not  only  the  moat  exact  expreaaion  of 
the  relattTe  proportions  of  their  elementB,  which  they 
reallj  are,  but  also  correct  expressions  for  ^e  abto- 
htte  number  of  equivalents  of  these  elements  in  one 
atom  or  molecnle  of  these  substances,  they  would  be 
well  adapted  to  give  as  a  profounder  insight  into  the 
essence  of  the  nutritive  process  and  of  the  change 
of  matter,  than  we  have  hitherto  been  aUe  to 
obtain. 

A  few  hints  will  suffice  to  illustrate  what  is  meant. 

If,  for  example,  we  deduct  from  the  formula  of 
cueine  in  the  preceding  table,  that  of  the  albumen 
of  blood,  which  we  know  to  be  derived  from  it,  we 
obtain  the  following  result: — 


Bolphnr,  NibngeD.  Caitnn.  IlTdTiigai.  OiTEm. 


From  the 
FormuU  ofCueine  2 

Deduct  that  of 
jUbuQun  of  blood    2 


According  to  our  analysis,  we  perceive  that  certain 
proportions  of  carbon,  hydrogen,  nitrogen,  and  oxygen, 
must  separate  from  cas^e,  if  it  is  to  be  converted  into 
the  albumen  of  blood,  But  it  may  perhaps  excite 
aatonishment  when  we  observe,  that  the  diminated 
elements,  with  the  exception  of  a  certain  amount  of 
osjTgen,  are  in  the  very  same  proportion  aa  in  chon- 
dnne,  so  that  if  we  add  to  me  formula  of  caaeine 
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lO  eqa.  of  oz^gen,  we  obfaua  a  formnU  vHneh  includes 
precisely  those  of   tlie  Klbnmen  of   blood  uid  of 


Bulplnir.  NltrngcaL  CUbon.  E;dng(iii.  Ozrgai. 
*gj.        iqi.  «i..  ^,.  tp. 

TbefoTmnkof 
Cbondrine  it  -         9  72  B9  32 

Add  tha  fbimul*  of 
AlbnmcD  of  Blood    2        27  216  169  GS 

TofethoT              2  86  288  22B  100 
=:  tha  fomuU  of 

Cueiu                    2  36  283  223  90 

+  lOeqtofoiygeii  -  —  —  —  10 

We  may  perhctpB  be  justified  in  drawing  from  theae 
eonsiderationB  tlie  conemaion,  that  nature  supplies  the 
young  animal  in  milk  not  only  the  chief  constituent 
of  its  blood,  bat  also  the  matenol  for  the  formation  of 
its  bones,  ready  formed. 

The  following  comparisons  will  be  found  not  less 
■triUng! — 


The  fbnnnls  of  Albumen  leo 
'l-lOeqi.ofnler  J> 

The  fbimulm  of  FibriDs  oft 
Blaod  +  SnqLofintiiE  '' 

The  fbnuulm  of  Cboniiiinf 


The  formula  of  Albamen 
+  10»q».ofW»tor 
■\-  G6  eqa.  of  Oiji^ 


2ae1mtii]e,mi]d 
1  Oholeic  Add. 

1  Albumen  of  Bl< 
1  Gelatine. 


olic  Acid. 


2  Uric  Add, 
8  W»l«r. 

1  Cbolic  Acid. 

3  UHc  Acid. 
12  Water. 

'  1  Cholao  Acid. 

2  ChoUo  Acid. 
12  Una. 

36  Carbonic  Add, 


We  regard  it  as  a  truth,  which  requires  no  special 
proof,  that  from  albumen  are  deriredKelatineandchoIeio 
acid  as  well  as  the  fibrine  of  blood ;  and  that,  from 
geladne  and  ohondrine,  uric  acid  and  urea  are  derired. 
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The  above  fbmul»  expresa,  ftccording  to  &e  actu^ 
■t^te  of  our  knowledge,  the  proportions  in  which  ^ia 
matf  occur,  not  those  in  which  it  actually  does  occur. 
Herein  consists  the  hypothetical  parts  of  thesefomralie; 
in  this,  namel  J,  that  we  have  no  evidence  of  the  actual 
occurrence  of  these  tranBformationg  and  resolutiona 
of  one  bodj  into  ol&ers  id  the  proportions  here  giren. 
These  have  only  probabilities  in  their  favonr. 

But  it  appears  with  certainty  from  these  fomiul», 
that  nlbumen,  with  the  addition  of  10  eqs.  of  oxygen, 
contains  precisely  the  elements  of  the  subitaace  of 
membranes  and  of  choleic  acid :  that  the  fibrine  of 
htood  is  perhaps  albumen  half-converted  into  gelatine ; 
^  that  gelatine,  under  the  influence  of  the  respiratory 
process,  may  be  resolved  exactly  into  uric  acid  or 
urea,  carbonic  acid  and  water ;  that  when  uric  acid 
is  formed  from  gelatine  in  the  change  of  matter,  the 
elements  of  choleic  acid  remain ;  and  that  the  pro- 
duction of  the  constituents  of  urlae  must  be  very 
cloaely  related  to  that  of  the  constituents  of  the  bile. 

From  these  formulte  we  may  further  conclude,  that 
the  nutritive  value  of  the  caseine  of  milk  is  greater 
for  the  child,  and  less  for  the  adult  than  that  of 
albumen ;  for  it  is  certain  that  nature  requires,  and 
applies  to  certain  purposes  in  the  body  of  the  yotmg 
animal,  the  excess  of  the  elements  which  caaeine  con- 
tains beyond  those  of  albumen ;  and  that  these  objects 
have  no  longer  any  importance  on  the  adult  animal. 
We  may  also  conclude,  from  them,  that  the  gelatinous 
aubstances  taken  in  the  food  are  not  adapted  to  san- 
guification, while  they  increase  the  production  of  the 
constituents  of  the  bile  and  of  the  urine,  as  has  long 
been  recognised  by  experience  in  regard  to  the  latter,* 

*  It  ia  known  (hat,  bf  the  uUon  of  osidiBDg  ftntt  on  thole*- 
terine,  ■  pecutiM'  add,  obdcMuie  «cid,  it  obtuDsii,  (Redtenbuhcr) : 
and  IhaC  At  nme  acid  imr  be  obtijned  in  the  lame  mj  tnm 
cbolic  ud  cholefc  uida,  uid  tnna  no  other  coouitnenl  ot  prodact 
foQud  in  the  uinul  body.     (Scblicpor.)     Thi»  wUbHifaM  A  <m- 
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The  glnten  of  gnia,  And  the  albumen  of  TegetAklt 
juices,  ore  identied  in  composition  with  the  albumen 
of  blood.  Vegetable  mseiiie  iuu  a1m>  the  CAmpoeition 
of  animal  caseioe. 

The  diffeTMit  kinds  of  grain  are  not  dike  ia  the 
amount  nf  iocombuitible  cMiBtituentB  or  inorganie 
Bftlta  they  contain.  In  wheat,  the  phoiphoric  acid 
varies  from  40  to  48  (Th,  Way  and  Ogston),  erea  to 
60  per  cent.  (Erdmann.)*  There  are  Tarieties  of 
wheat,  the  ashes  of  which  are,  in  quantity  and  in  the 
relative  proportitni  of  the  salta,  the  aame  as  tboee  of 
boiied  and  lixiviated  meat ;  and  it  cannot  be  main* 
tained  that  bread,  made  of  such  Sour,  m>uld,  if  (he 
only  food  token,  support  life  permaaently.t 

The  finest  wheat-flour  c<HitainB  more  starch  than 
the  coarser  ;  the  hran  of  wheat  is  propwtioaallj 
richer  in  gluten. 

Fine  American  flour  Li  one  of  the  varieties  which  U 
richeet  in  glutra,  and  is,  eonseq«ent]  j,  one  of  the  most 
nutritious. 

Rye  and  rye-bread  oentiua  ft  lobetance  resemUbg 

ne:di>a  betveeu  tbe  tciit  of  lie  Uls  uid  llw  pecnlur  fst,  which 
oC\ea  owDiB  in  such  enoimouB  quuititj  in  tbit  Kcntlen.  It  ii  not 
Impouiblo  tbmt  chclntcrine  ni>j  be  m  prodncC  of  the  deitnirtion  ot 
tbe  acids  of  the  hilc  in  the  vitrnt  procoe.  Hitherto,  no  one  knows 
iriut  hecoBin  of  thne  modi. 

'  Aiheiof«he>t,ui^]«edl>)'BiiJi>UD,>f)cTdedui::t)ng[pejoi7<la 
of  iron  (l'33pci«tiL);  ulia  mud  Hnd  (3-37  pec  cm  I.) 

Alkaline  Pho^OulH.  <P  0„  2  M  0}  .  i9-W 
Euthj  jAoiphitei,  (P  0„  2  M  O)  .  .  23'13 
?reB  pho«phoiic  *dd 27'C9 

100  00 
Compve  with  Ihi*  tbe  excellent  utBljdi  et  Th.  Wa j  tud  OgUia. 
+  I>  the  fioett  flour  u  perfect  ft  food  M  the  cntiraDKitlP  I  think 
not,  and  1  beg  here  to  recal  the  experiment  of  JAagendle,  in 
which  a  dog,  excliuivelj  fed  with  white  wheaten  hreed,  died  after 
fort;  da^ ;  while  uiotheT  dog,  fed  on  black  bread  (brown  bread, 
made  of  tbe  floar  with  the  bran)  Died  on  withoat  anj  diitm' 
of  hit  health.    (Millon,  Cempla  ftendii,  iixriiL  p.  40). 
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fttorch-gum  (or  dextrine,  u  it  is  called)  in  its  proper- 
tiu,  which  iB  very  easily  converted  into  sugar.  The 
Btareh  of  barley  approaches  in  many  propertiea  to  cd- 
loloae,  and  it,  therefore,  less  digestible.  Oats  are 
particularly  rich  in  plastic  Bubetances  ',  Scotch  oata 
richer  than  frbat  is  grown  in  England  or  in  Germanj. 
This  kind  of  grain  contains,  in  its  ashes,  after  dedoo- 
tion  of  the  silica  of  the  husks,  rery  nearly  the  same 
ingredients  as  are  found  in  the  ashes  of  the  juice  of 
flesb. 

In  order  to  promote  the  separation  of  the  ioar  from 
tbe  fanska,  the  com  is,  by  many  miUen,  slightly  moist- 
ened before  grinding.  If  this  moisture  be  not  tho- 
roughly  removed  from  the  floor  by  rery  careful  diying 
in  an  artificial  heat,  it  causes  the  flour,  when  kept,  to 
spoil ;  it  acquires  a  musty  fliavour,  cakes  together  in 
lumps,  and  feels  harsh  like  gypsum.  The  dough 
made  of  this  flour  becomes  greasy,  and  yieldg  a  heavy 
dense  bread,  not  porous  as  it  ought  to  be.  This  spoil- 
ing depends  on  an  action  of  tbe  gluten  on  the  stuvh, 
which  action  is  promoted  by  tbe  moisture,  and  bj 
which  acetic  and  lactic  acids  are  formed  in  tbe  flour. 
These  acids  render  the  gluten  soluble  in  water,  which, 
naturally,  it  is  not. 

Uany  salts  render  the  gluten  agtun  insoluble,  appa- 
rentiy,  by  forming  with  it  a  chemical  combination ; 
and  the  bakers  of  Belgium  discovered,  about  twenty 
years  ago,  how  to  bake  frtim  damaged  flour,  by  adding 
sulphate  of  copper  (a  poieon)  to  the  dongb,  a  broad  in 
appearance  and  external  properties  as  beautiful  as 
from  tbe  best  flour.  This  mode  of  improving  its  phy- 
ucal  properties,  of  course  deteriorates  its  chemical 
properties.  Alum  has  tbe  same  efiect  as  sulphate  of 
copper.  When  added  to  the  dough,  it  renders  the 
bread  very  while,  elastic,  firm,  and  dry  ;  and  tbe 
London  bakers,  in  consequence  of  the  demand  for 
white  bread,  such  as  the  English  and  American  flour, 
usually  so  good,  yields,  appear  to  have  been  compelled 
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to  &dd  alum  to  oil  floor  in  the  baking.  I  saw  in  an 
alum  manu&ctoiy,  in  Scotland,  little  monnds  of  finely 
ground  alnm,  which  was  destined  for  the  use  of  the 
London  bakers. 

Since  phosphoiic  acid  forms  with  alumina  a  com* 
pound  hardly  decomposable  by  alkalies  or  acids,  tbis 
may  perhaps  explain  tbo  indigestibility  of  the  London 
bakers'  bread,  which  strikes  all  foreigners.  A  small 
quantity  of  lime-water,  added  to  the  musty  or  damaged 
flour,  has  the  same  effect  as  the  alum  or  sulphate  of 
copper,  without  being  followed  by  the  same  disod- 
vantages. 

The  careful  mixture  with  the  salira  daring  the 
maatioation  of  bread,  is  a  condition  essential  to  the 
rapid  digestion  of  the  starch.  Hence  the  increase  of 
digestibuity  obtained  in  bread  by  the  porous  fonn 
ffyea  to  it. 

This  porosity  and  lightness  is  produced  in  the 
dough  by  a  process  of  fermentaUon.  Beer-yeast  is 
added  to  the  dough,  which  brings  into  fermentation  the 
sugar  formed  by  the  action  of  the  gluten  on  the  starch ; 
and  the  open  porons  texture  of  the  mass  is  the  result 
of  the  carbonic  acid  thus  formed  in  erery  part  of  it. 

In  making  rye-bread,  tour  dough  is  employed ; 
there  is  added  to  the  fresh  dough  of  rye-meal,  a 
portion  of  old  dough  in  a  state  of  fermentation,  from 
a  former  baking,  and  by  its  action  on  the  sugar  there 
is  always  formed  a  certain  amount  of  acetic  and  lactio 
acids,  in  consequence  of  which  the  bread  has  a  shghtly 
acid  re-action. 

Many  chemists  are  of  opinion  that  the  flour,  by  the 
fermentation  in  the  dongh,  loses  somewhat  of  its 
nutritious  constituents,  from  a  decomposition  of  the 
gluten  ;  and  it  has  been  proposed  to  render  the  dough 
porous  without  fermentation,  by  means  of  substances 
which,  when  brought  into  contact,  yield  c&rbonic  aoid. 
But  on  a  closer  investigation  of  Uie  process,  this  view 
appears  to  have  little  foundation. 
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When  flour  is  made  into  doagh  with  water,  utA 
allowed  to  Btuid  in  «  gentle  w&rmth,  a  change  taka 
place  in  the  gluten  (hT  the  dough,  umilar  to  that 
which  occurs  after  the  steeping  of  barley,  in  the 
commencement  of  gertninatioa  in  the  seeds,  in  the 
preparation  of  malt ;  and  in  consequence  of  this 
chwge,  the  fitarch  (tiie  greater  part  of  it  in  malting, 
in  dough  onlj  a  small  per  centage)  ia  courerted  into 
sugar.  A  small  portion  of  the  gluten  passes  into 
the  soluble  state,  in  which  it  acquires  the  ^pertiea 
of  albuioen,  but  by  this  change  it '  loses  nothing 
whatever  of  its  digestibilit;  or  of  its  nutritive  ralue. 

We  cannot  bring  flour  and  water  togeUier  without 
the  formatimi  of  sugar  from  the  starcb,  and  it  is  this 
sugar,  and  not  the  gluten,  of  which  a  part  «at«rB  into 
fermentation,  and  is  resolved  into  alcohol  and 
carbonic  acid. 

We  know,'  that  malt  is  not  inferii^  in  nutritive 
power  to  the  barley  firom  which  It  isderifecl,  although 
tins  gluten  eoutsiued  in  it  has  undergone  a  nneli 
more  profound  alteration  than  that  of  flour  in  t^ 
dough,  and  experience  has  taogbt  us,  that  ia  distil- 
leries where  spirits  are  made  frmn  potatoes,  the 
plastic  constituents  both  of  the  potatoes  and  of  the 
malt  which  ia  added,  after  having  gone  Uirough  tlie 
entire  course  of  the  processes  of  the  formation  and 
the  fomentation  of  tiie  sugar,  have  lost  little  or 
nothing  of  tiieir  nutritive  value.  It  is  certain,  there- 
fore, that  in  the  making  of  bread  there  ia  no  loss  of 
gluten.  Only  a  small  part  of  the  starch  of  the  flour 
is  consumed  in  the  production  of  sugar,  and  the  fer- 
mentative pvcess  is  not  only  the  simplest  and  best, 
bnt  also  the  cheapest  of  all  die  methods  whit^  have 
been  reeomntended  for  rendwing  bread  pwoos. 
Besides,  cbemical  pr^arations  ought  never,  as  a 
general  rule,  to  be  recommended  by  chemista  for 
culinary  puiposes  ;  unoe  they  hardly  ever  are  fonnd 
pore  in  ordinary  commerce.     For  example,  the  com- 
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mercial  cmde  muriatic  acid,  wliich  it  is  recommended 
to  add  to  tbe  dough  along  with  bicarboDBte  of  Boda, 
is  tivays  most  impure,  and  very  often  cODtains  arsenic, 
BO  that  the  chemist  never  uees  it,  without  a  tedious 
process  of  purification  for  his  purposes,  which  are  of 
far  less  importance. 

The  plans  which  hare  hitherto  beMi  propoied.  with 
the  view  of  replacing  the  flour  in  making  bread,  m  at 
to  render  it  cheaper  in  times  of  scarcity  and  famine, 
only  prore,  how  far  we  are  still  removed  from  a 
rational  system  of  dietetics,  foanded  on  scientific 
prindples.  The  price  of  food  depends  on  the  same 
causes,  and  is  regulated  by  the  same  laws,  as  that  of 
fiiel.  If  we  take  the  trouble  to  compare  the  prices 
of  the  Tanona  kinds  of  coal,  or  of  firewood,  or  of 
brawncoal  (woodeoal),  and  turf  or  peat  tiMjether,  we 
shall  find  that  the  number  of  pence  paid  tot  a  given 
weight  or  measure  of  these  forms  of  fuel,  is,  as  nearly 
as  possible,  in  direct  proportion  to  their  true  Talue, 
that  is,  to  the  number  of  degrees  of  heat  which  they 
give  out  in  bunting.  In  a  district  where  beech,  oak, 
and  fir-wood  are  burned,  it  is  a  matter  of  iadifference, 
in  regard  to  price  and  heating  power,  which  wood  is 
chosen.  Here  the  preference  is  given  according  to 
the  object  in  view.  Tor  large,  wide  or  long  fire-plaloes, 
fir-woodis  the  bett,  because  its  flame  extends  farthest; 
for  small  narrow  fire-placee  beech-wood  is  preferred 
on  aecoont  of  the  charcoal  it  yields.  In  estimating 
such  values,  cme  person  may  err,  but  the  daily 
experience  of  many  thontands  neutralises  the  mistakes 
of  individuals. 

The  average  price  of  the  varioiu  kinds  of  food  in 
a  targe  country  is,  as  a  general  rule,  the  measure  of 
their  nutritive  value  ;  the  variations  in  price  in  dif- 
ferent places  ariee  from  local  causes  (ease  or  difficulty 
of  transport,  good  or  bad  roads,  rivers,  canals,  he), 
For  the  purposes  of  nutrition  rye  is  not  cheaper  tkan 
wheat ;  rice  and  potatoes  are  not  cheaper  than  gruk 
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Wheat  flour  cannot  be  replaced  advantageonsly,  as 
far  OB  this  quality  ia  concerned  hj  any  other  hind  of 
fiour,  It  is  only  in  times  of  aoarcit;  or  famine,  that 
tbese  relations  of  ratue  are  Bomewhat  modified. 
Potatoes  and  rice  then  reach  a  higher  price  than 
usual,  because,  in  addition  to  their  true  nntritiTe 
value,  the;  possess  another,  namely,  their  value  as 
respiratory  matter,  which  in  times  of  plenty  is  not 
reckoned. 

Potato  starch.  Dextrine  (starch-gum),  or  the 
pressed  pulp  of  turnips  and  beet-root,  when  added  to 
flour,  yield  a  miiture,  the  nutritive  value  of  which  is 
equal  to  that  of  the  enUre  potato  or  lower  still ;  bat 
no  one  can  consider  the  chan^  of  grain  or  flour  into 
a  food  of  equal  value  with  potatoes  or  rice  as  an 
improvement.  Thetrue  problem  is tc  render  potatoes 
or  rice  simitar  or  equal  to  wheat  in  their  effects,  and 
not  vice  vertd.  It  is  better,  under  all  ciroum- 
stanees,  to  boil  the  potatoes  and  eat  them  along  with 
bread,  than  to  add  potatoes  or  potato  starch  to  flour 
before  it  is  made  into  bread  ;  which  should  be  strictlj 
prohibited  hj  police  regulations,  on  account  of  the 
cheating  to  which  it  would  inevitably  give  rise.  The 
ad^tion  of  pease  or  bean  mea!,  or  of  skim  milk  cheese 
to  rye  flour,  as  is  done  in  Bavaria  (Dr.  Vogel), 
answers  tbe  purpose  much  better,  but  notliing  is 
thereby  gtuned  in  price. 

The  only  real  saving  and  profit  in  this  way  is  that 
made  by  using  such  articles  of  refuse  as  are  not  used 
for  food  in  the  ordinary  course  of  events. 
'  In  Epgland,iftr  eaawplg,  many  thousand  cwts.  of 
the  finest  and  best  flour  are  used  to  yield  starch  for 
dressing  cotton  goods,  and  the  gluten,  which  fomia 
the  refuse  of  this  manufacture,  amonnting  to  from  12 
to  20  per  cent,  of  the  dried  flour,  is,  for  tbe  most 

Sirt,  tost  OS  food  for  men.     Id  tbe  experiments  of  the 
ranch  academicians  dogs  were  fed  for  ninety  days 
exclusively  with  the  gluten  of  flour,  which  wh  de- 
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voured  raw  hy  the  animals  withont  anj  repugnance, 
and  without  intemption.  Ko  perceptible  distarbance 
of  tlieir  healtli  occurred.* 

With  the  exception  of  the  organic  subBtancea  in  the 
juice  of  flesh,  there  ia  no  Bubataace  which  approaches 
more  nearly  to  the  fibrine  of  flesh,  in  its  properties 
and  nutritive  valne,  than  the  glaten  of  wheat.  When 
boiled  with  a  little  salt  and  water,  dried,  and  groond 
to  a  coarse  meal,  gluten  is  easily  preserved,  and  with 
the  addition  of  some  extract  of  meat  and  kitchen 
vegetables,  it  yields  the  strongest,  best-flavoured,  and 
moat  nutritious  soup.  As  a  provision  for  ahips  and 
fortresses,  the  dried  gluten  of  wheat  (along  with  ex- 
tract of  meat]  would  enable  us  to  save  a  large  quantity 
of  meat. 

In  the  brewing  of  beer,  as  ia  well  known,  a  aepara- 
tion  takes  place  between  the  sanguinigenous  matters 
of  the  barley  and  the  starch.  Of  the  former,  those  por- 
tions which  dissolve  in  the  wort,  and  are  separated  as 
yeaat  during  the  fermentation,  are  lost  for  the  purpose 
of  nutrition.  Only  that  portion  which  remains  undis- 
Bolved  with  the  huaka  is  used  as  fodder  for  cattle,  and 
much  prised,  especially  for  milch  cows.  In  making 
the  inAision,  or  worts,  there  is  deposited  above  the 
huaka  a  dough-like  mass,  consisting  of  the  finest  sus- 
pended particles  of  the  gronnd  malt,  and  which  is  well 
known  to  Qerman  brewers  under  the  name  of  Obertaig 
(upper  dough).  This  upper  dough  containa  as  much 
as  2(i  per  cent,  of  plastic  matter,  and  from  4  to  8  per 
cent,  of  starch,  and,  when  added  to  an  equal  weight 
of  flour,  the  large  amoant  of  water  contained  in  it 
being  taken  into  account,  yields  an  unexceptionable 
bread.     The  breweries  of  Wnrtemburg  yield  anntially 

■  aliitai,ln)ni  aittrch  muin&ctor]',  ;ialded  1  to  1 }  per  out. 
of  ubM,  which  contuned  7'87  fei  cent,  of  potuh,  3-11  of  Boda, 
17'31  of  lime,  12'0B  of  ougtie^  7*13  peioiide  of  iroD,  togotber 
47-13  of  buo,  vith  £208  of  pboqihorlc  moid,  0-69  of  nUphuric 
•dd,  uhI  0-09  of  chlorine,    <KekDl£.> 
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30,000  ewt.  of  thi*  malt  dongh,  irbich  might  fnrniili 
17,000  owt.  of  bread.  (Schlowberger.)  AD  theso 
means  of  relieTiag  the  neceBsitiea  of  the  poor  in  jean 
of  famine  are  onlj  local,  and  amoont  to  little  in  com- 
parison with  the  conaumptiou,  for  the  inhabitants  of  a 
large  country.  There  is  onXj  odo  permanent  me^na 
of  laving  for  the  largest  population,  which  is,  that  the 
wlieat  or  rye,  ground  fine,  should  be  used  for  baking 
bread,  unbolted,  that  is,  the  flour  along  with  the  bran, 
and  the  whole  of  the  nutriment  existing  in  the  grain 
&ta  rendered  available  for  man. 

In  1658,  an  ordinance  of  Louis  XIV.  pndiibited, 
under  heavj  peconiary  penalties,  the  grinding  of  tke 
bran  a  second  time;  which,  according  to  the  then 
eiiating  arrangements  of  flour  mills,  must  have  eanaed 
a  loss  of  40  per  cent.  In  the  seventeenth  century, 
Vauban  estimated  the  annnal  consomptjon  of  a  mao 
at  nearly  712  lbs.  of  wheat,  a  qnantily  which  now 
■uffioes  nearly  for  two  men ;  and  bj  the  improvementa 
in  mill*  there  are  now  gained  to  the  population  im- 
mense masses  of  nutritious  matter,  of  the  annual 
value  of  raauy  millions,  which  were  formerly  used  for 
animals  alone;  whereas  fw  the  feeding  of  animals 
the  bran  may  be  far  more  easily  replaced  by  other 
food,  not  in  the  leaet  adapted  for  tite  use  of  man. 
The  Tery  high  value  of  bran  as  food  has  been  long 
ago  pointed  out,  especially  by  Millon.  Wheat  does 
not  ccmt^  above  2  per  cent,  of  indigestible  woody 
fibre,  and  a  perfect  milt,  in  the  most  extended  sense, 
should  not  yield  more  than  that  proportion  of  bran  g 
but,  practically,  the  beet  mills  always  yield,  even  now, 
from  12  to  20  per  cent.:  (10  per  cent,  eoarae  bran, 
7  fine  bran,  3  bran  flour) ;  and  the  ordinary  mills 
produce  as  much  as  25  per  cent,  of  bran,  containing 
60  or  70  per  cent,  of  the  most  nutritious  constituents 
of  the  flour. 

It  is  evident,  that  by  baking  bread  with  unbolted 
flour  the  mass  of  bread  may  be  inoreaaed  from  wm- 
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Mith  to  oDe-fifih,  and  the  price  of  it  lowered  by  the 
difference  betveen  the  price  of  the  bran  as  fodder  for 
cattle  and  that  of  the  flonr  gained  bj  not  bolting  the 
flour.*  As  an  addition  to  the  flonr,  in  times  of  tcarcitj, 
the  bran  has  CTen  a  much  higher  Talue,  and  cannot  be 
r^Iftced  bj  anj  other  nntritious  matter. 

The  separation  of  the  bran  from  the  floor  by  bcdt- 
ing  is  a  matter  of  luxury,  and  injnriouB  rather  than 
beneficial  as  regards  the  nutritire  power  of  the  bread. 
In  ancient  times,  down  to  the  period  of  the  Emperors, 
no  bolted  flour  was  known.  In  many  parts  6l  Qer- 
mony,  especially  in  Westphalia,  the  entire  meal,  in- 
clading  the  bran,  is  baked  into  the  brown  bread 
called  Pumpernickel ;  and  there  ie  oo  country  where 
the  digestive  organs  of  the  population  are  in  a  better 
condition.  The  boundaries  between  the  Lower  Rhine 
and  Westphalia  may  be  traced  by  the  very  remark- 
ftble  size  of  the  remainii  of  preceding  meals  left  by 
paBsengers  behind  the  hedges:  and  possibly  it  is  from 
observing  these  distinguished  evidences  of  the  digestive 
capacity  of  the  Westphalians  that  English  pbyucions 
hare  been  induced  to  recommend  to  the  great  in 
England  brown  bread  made  with  unbolted  flour,  that 
is,  with  the  entire  flonr;  which  bread,  in  many  nch 
families,  adorns  the  breakfast  table. 

Among  all  the  arts  known  to  man,  there  is  none 
whidi  enjoys  a  juster  appreciation,  and  the  products 
of  which  are  more  aoirenally  admired,  than  that 

*  CoDipoiitiiHi  of  Wlwmt  Bnn. 

(Millon).  (KekuK). 
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nhich  IB  coDcenietl  in  the  preparstion  of  OMf  food. 
Led  by  an  instinct,  which  has  almost  reached  the 
dignity  of  conBcioos  knowledge,  as  the  unerring 
guide,  and  hj  the  aenae  of  toate,  which  protects  the 
health,  the  experienced  cook,  with  respect  to  the 
choice,  tlie  admixture,  and  the  preparation  of  food, 
has  made  acqniaitiona  snrpassing  all  that  chemical 
and  phyaidogical  aoience  have  done  in  regard  to  the 
doctrine  or  theory  of  nutrition.  In  soup  and  nieat 
aanoea,  he  imitates  the  gastric  juice ;  and  hy  the 
cheese  which  closes  the  banquet,  he  assista  the  action 
of  the  dissolved  epithelium  of  the  stomach.  .  The 
table,  supplied  with  dishes,  appears  to  the  obsetrer 
like  a  machine,  the  parts  of  which  are  hannoniooaly 
fitted  together,  and  ao  arranged,  that,  when  brought 
into  action,  a  maiimom  of  efiect  may  he  oht^ned  by 
means  of  them.  The  able  culinary  artist  accompa- 
nies the  Banguigenans  matter  with  those  which  pro- 
mote the  process  of  aolntion  and  sanguification,  in  dne 
proportion  ;  he  avoids  all  kinds  of  unnecessary  stimuli, 
snch  as  do  not  act  in  reatoring  the  equilibrium  ;  and 
he  prOTides  the  due  nourishment  for  the  child  aa  weU 
as  the  old  man,  as  well  as  for  both  sexes. 

The  intelligent  and  eiperienced  mother,  or  nurse, 
chooses  food  for  the  child  with  the  same  attention  to 
the  laws  of  nature  ;  she  gives  him  chiefly  milk  and 
farinaceous  food,  always  adding  fruits  to  the  latter  ; 
she  prefers  the  fleah  of  adult  animals  which  is  rich  ia 
bone  earth,  to  that  of  young  animals,  and  always 
accompanies  it  with  garden  vegetables  ;  she  gives 
the  child  especially  bones  to  gnaw,*  and  excludes 
from  its  diet  veal,  fish,  and  potatoes  ;  to  the  excitable 
child,  of  weak  digestive  powers,  she  gives,  in  its 
farinaceous  food,  infusion  of  malt,  and  nsea  milk- 
sugar,  the  respratory  matter  prepared  by  nature  her- 

*  In  Upper  Hmm,  dcv  Oieneii,  the  peusntrj  uh,  u  ta  m- 
ctllentdomcitianmsdf  Id  Ihe  teething  of  cbildren,  pare  linw-mter, 
whicb  Ihc  liida  creaturct  tafedj  taka,  i,  Mupoonful  4t  a  tiioe. 
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«elf  for  its  reipinttorf  process,*  in  preference  to  cane-  \ 
Bugar  ;  and  she  allowB  him  the  unlimited  use  of  salt. 

The  uuequsl  edects  of  different  kiods  of  food,  nith 
regard  to  the  bodily  and  meotsl  functions  of  men, 
and  the  dependence  of  these  on  chemical  and  physio- 
logical causes,  are  indisputable  ;  but  as  yet  the 
attempt  has  bardly  been  made  to  explain  these  dif- 
ferences according  to  the  rules  of  scientific  research. 

Many  writers  maintain  that  £esb  and  bread  contain 
phosphorus,  that  milk  and  eggs  contain  a  phosphorieed 
fat  tike  briun,  and  that  the  origin,  and,  consequently, 
the  activity  of  the  matter  of  the  brain  is  connected 
with  this  phosphorised  fat.  Hence  no  excess  of 
pbosphoms  can  be  supposed,  for  eiample,  to  exist  in 
thinkers,  (because  they  consume  much  phosphorus) ; 
and  it  Is  a  certain  truth  that  there  is  no  thought 
toithout  photphorus  !  (See  "  Lehre  der  Nahrungs- 
mittel  fur  das  Volk,  von  Dr.  Jac,  Moleschott. 
Erlangen."  1850,  p.  116.)  But  no  evidence  is 
known  to  science,  tending  to  prove  that  the  food  of 
man  and  animals  contains  phosphorus  as  such,  in  a 
form  analogous  to  that  in  which  sulphur  occurs  in  it. 
It  has  long  been  proved  that  the  cause  of  the  amount 
of  phosphoric  acid  obtained  bj  the  incineration  of 
animal  matters,  or  of  food,  being  lees  than  may  he 
detected  in  the  moist  way,  is  merely  the  loss  of  a 
certain  portion  of  the  phosphoric  acid,  caused  by  its 
decomposition  and  volatilisation,  in  consequence  of 
the  combined  action  of  beat  and  charcoal ;  and  that 
this  loss  may  be  entirely  prevented  by  the  addition  of 
alkalies  or  alkaline  earths,  which  combine  with  and 
retain  the  Iree  phosphoric  acid.  No  one  has  ever  yet 
detected  phosphorus  in  any  fat  of  the  body,  of  the 
brain,  or  of  the  foodf  in  any  other  form  than  tha< 
of  phosp?wric   acid.      The  notion  that  such   other 
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'oomponDdB  of  phoBphorus  esiet  in  the  body,  Kod  tliat 
their  presence  ia  conneoted  mth  the  production  of 
thoughts  in  the  human  brain,  proceeds  generally 
from  amateurs  in  science,  and  rests  on  superficial  oh- 
Borvations,  irithout  the  alighteBt  scientific  fonndatioD. 
It  ia  certain  that  three  men,  one  Of  whom  has  had 
a  full  meal  of  beef  and  bread,  the  second  cheeao  or 
sslf  fish,  and  the  third  potatoes,  regard  a  difficult 
which  presents  itself  from  entirely  different  points  ot 
view.  The  effect  of  the  different  articles  of  food  on 
the  brain  and  nervous  system  is  different,  according 
to  certain  constitnents  peculiar  to  each  of  these  foima 

A  bear,  kept  in  the  anatomical  department  of  this 
university,  eihibited  a  very  gentle  character  as  long 
as  he  was  fed  eicloBively  on  bread.  A  few  days  of 
feeding  with  flesh  rendered  him  lavage,  prone  to 
bite,  and  even  dangerous  to  his  keeper.  It  is  well 
known  that  the  vit  irasdhilit  of  awine  may  be  so 
exalted  by  feeding  them  with  flesh,  that  they 
attack  men. 

The  camivora  are,  in  general,  stronger,  bolder, 
and  more  pugnacious,  than  the  herbivorons  animals 
on  which  they  prey  ;  in  like  manner,  those  nations, 
which  live  on  vegetable  food,  differ  in  disposition 
from  such  as  live  chiefly  on  flesh. 

If  the  strength  of  individuals  consist  of  the  sum  of 
the  effects  of  force  which  they  can  exert,  withooi 
injury  to  health,  in  order  to  overcome  resiBtaoce. 
tlus  obviously  has  a  direct  ratio  to  the  plaatic  mattes 
in  their  food.  Those  nations  which  feed  on  wheat 
and  rye  are,  in  this  sense,  stronger  than  those  whose 
food  is  potatoes  and  rice  ;  and  these  agun  an 
stronger  than  the  negroes,  who  feed  on  couboods, 
manioc,  cassava,  or  taro. 

The  relations  of  the  respiratory  matters  in  food  are 
diflsrent.  These  ore  chiefly  diatinguiBhed  by  the 
rapidity  and  the  permanence  of  their  effects. 

Hours  most  elapio  before  all  the  etaroh  of  bread. 


TALUE  OF  WINES.  «3 

in  tlie  atomach  and  iDteBtinea,  hu  become  Botnbte,  bo 
as   to  enter   the    blood  and  be   employed    in  tba 

respiratory  proceaa.  Milk-sugar  and  grape-sugar 
require  no  preparation  by  tbe  digestive  organs,  and 
thus  enter  the  blood  more  rapidly.  The  effect  of  fat 
ia  the  slowest  in  being  prodaced,  but  it  lasts  mach 
longer.  Of  all  respiratory  matters,  alcohol  acts  most 
rapidly.  Wine,  andfermented  vegetable  juices  in  gene- 
ral, differ  from  spirits  in  containing  alkalies,  argauic 
acids,  and  certain  other  subataucea,  which  it  is  the 
businesB  of  chemiatry  more  eapacially  to  ascertain. 
Beer  is  an  imitation  of  wine.  Brandy  (whisky,  rum,] 
consists  of  water  and  one  of  the  ingredients  of  wine. 

In  conaequence  of  the  preaenoe  of  its  characteristic 
Sngredienta,  wine  unitea  In  its  compoution  a  number 
of  conditions,  by  tbe  composition  of  which,  in  the 
hnman  body,  the  consequences  of  tbe  action  of 
alcohol  in  the  nerrons  system,  which  exalts  tbe 
functions  of  the  brain  and  spinal  chord,  are,  after  & 
certain  time,  more  or  lesa  completely  neutralised. 

The  commercial  v&lae  of  wine  ia  directly  propor- 
tional to  its  immediate  effects,  and  inversely  pro- 
portional to  its  disagreeable  after-effects  (called,  in 
Germany,  KaU&njammer).  Other  things  being  the 
aame,  its  price  is  higher  the  more  perfectly  its  effects 
are  rendered  harmless  by  a  corresponding  increase  in 
the  secretions  of  the  lungs  and  of  the  kidneys.  The 
alcohol  is  always  considered  in  fixing  the  prices,  but 
in  the  nobler  wioes,  the  price  liears  no  fixed  ratio  to 
the  amount  of  aloobol,  but  is  rather  in  proportion  to 
that  of  the  ftied  ingredients,* 

*  AnugBd  accmdiiii  to  price,  ths  fbllowing  Bbsouh  wiaea 

of  AlMlKd.          bT  (oUd  taiim. 
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The  flavour  or  bouquet  of  wine  has  only  in  so  far 
an  influence  on  its  price  as  it  ia  an  index  to  all  its 
effects  taken  t«getlier. 

As  a  restorative,  a  means  of  reiresbment,  where 
the  powers  of  life  are  eihausted,  of  giving  animation 
and  energy  where  man  has  to  struggle  with  days  of 
sorrow,  as  a  means  of  correction  and  compensation 
when  misproportion  occurs  in  nutrition,  and  the 
organism  is  deranged  in  its  operations,  and  as  a 
means  of  protection  against  transient  organic  dis- 
turbances, wine  is  surpassed  by  no  product  of  nature 
or  of  art. 

The  nobler  wines  of  the  Rhine  and  many  of  those 
of  Bordeaux,  are  distinguished  above  all  others  hy 
producing  a  minimum  of  injurious  after  efiect.  The' 
quantity  of  wine  consumed  on  the  Rhine  hy  perBons 
of  all  ages,  without  perceptible  injury  to  Uieir 
mental  and  bodily  health,  is  hardly  credible.  Gout 
and  calculous  diseases  are  nowhere  more  rare  than  in 
the  district  of  the  Rheingau,  so  highly  favoured  by 
nature.  In  no  part  of  Qermany  do  the  apothecariea' 
establishments  bring  so  low  a  price  as  in  the  rich 
cities  on  the  Rhine  ;  for  there  wiue  is  the  nniveraal 
medicine  for  the  healthy  as  well  as  the  sick,  it  is 
considered  as  milk  for  the  aged  (see  Appendix). 

Alcdiol  stands  high  as  a  respiratory  material.  Its 
nse  enables  us  to  dispense  with  the  starch  and  sngar 
in  our  food,  and  is  irreconcileable  with  that  of  fat.* 

*  Persone  accmtomed  to  the  aBe  of  vian,  iriien  tluj  Ukfl  cod- 
liier  oil,  kwd  lote  the  tute  mod  inclinitioi)  lor  wiu. 

Ssaa  the  eatabliihmenl  of  Terapennce  or  Abt^nenn  Societiea, 
it  wu  thsDght  fkir,  ia  toMOj  Eniilith  fiimiliea,  to  compeoMte  in 
monCy  th«e  Hrruiti  vho  look  the  pledge  ud  no  laager  dnnk 
beer,  fbi  the  formei  dailj  illowiace  of  beer ;  but  it  wu  hwd  fbuad 
that  the  monlhlr  eenaamption  of  breid  iocrernKd  in  s  itriking 
degree,  to  that  the  be<iT  wu  tvice.paid  for;  once  ia  money,  and 
■  Hcond  time  in  iU  equiralent  of  bnad. 

On  Ihe  occauon  of  the  meeting  of  tbe  Peue  Coogieu  in  Frank- 
fort the  proprietor  of  the  Mlebrited  Hdul  de  RuMle  told  me,  with 
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:  In  many  places  destitutioa  and  misery  have  been  '/ 
ascribed  to  tbe  iDcreasiog  use  of  spirits.  This  is  an  / 
error. 

The  use  of  spirits  is  not  the  cause,  but  an  effect 
of  porerty.  It  is  an  exception  from  the  rule  when  a 
well-fed  man  becomes  a  spirit-drinker.  On  the  other 
hand,  when  the  labourer  earns  bj  his  work  less  than' 
is  required  to  provide  the  amount  of  food  ^rhich  is 
indispensable  in  order  to  restore  fully  his  working 
power,  an  unyielding,  inexorable  law  or  necessity 
compels  him  to  have  recourse  to  spirits.  He  must 
work,  but  in  consequence  of  insufficient  food,  a  certain 
portion  of  his  working  power  is  daily  wanting. 
Spirits,  by  their  action  on  the  nerves,  enable  him  to 
make  up  the  deficient  power  at  the  expeme  of  his 
hody,  to  consume  to  day  that  quantity  which  ought 
naturally  to  haTe  been  employed  a  day  later.  Ho 
draws,  so  to  spesjc,  a  bill  on  his  health,  which  must 
be  always  renewed,  because,  for  want  of  means,  he 
cannot  take  it  up  ;  he  consumes  his  capital  instead 
of  his  interest ;  and  the  result  is  the  inevitable 
bankruptcy  of  his  body. 

Tea,  coSee,  and  chocolate  differ  from  wine  in 
their  action  on  the  vital  processes. 

If  we  consider  that  in  Europe  and  America  more 

expmdont  of  utADubment,  tlint  >t  tais  Uble  aX  that  time,  a 
regular  dcGciencj  occnired  in  csrUin  dishes,  eipeciall^  biinBceons 
diibn,  paddings,  &c.  ;  an  UDheard  of  occurrence  in  a  honao  in 
which  the  amount  and  proportion  of  the  dishes  for  a  giTen  number 
of  persons  has  been  for  Jean  Bied  find  known.  This  dining-hgll 
WM  tilled  with  friends  of  pence,  all  of  whom  belonged  to  tempe- 

therefore,  the  price  of  the  wine  is  alwajs  included  in  that  of  the 
dinner,  and  it  is  cousideied  just  that  in  hotel)  people  abouM  p<f 

"  O  monllrou) !  bat  one  bslfpennj  wortb  of  bread  to  Ibia 
intolerable  deal  of  sack  !" — ShtJaptan. 


caniMovCoO'^lt^ 


tSS  LETTEBS  ON  GHEHISTRY. 

than  eightymiUion  ponnds  of  tea,  and  in  the  CnatcMDS 
Union  more  than  sixty  million  pounds  of  eoffee  ws 
annuallj  consumed ;  that  in  England  and  America 
tea  forms  part  of  the  daily  arrangements  of  the  poorest 
labourer,  as  welt  as  of  the  richest  landomer  ;  that  in 
OermaDy  the  people  in  the  country  and  in  towns 
adhere  the  more  tenadously  to  cof^,  the  mtKv  the 
abuodauce  and  choice  of  food  is  limited  by  tbeir 
poTdrty  ;  and  that  the  lowest  wages  have  always  a 
column  in  the  book  for  cofiee  and  another  for  bread 
and  potatoes : — when  we  reflect  on  these  facts  it  is 
impossible  to  admit  the  asserdon,  "that  the  use  oS 
coffee  and  tea  is  a  matter  of  mere  habit."  (Knaf^, 
Die  Nahrungsmittel.   Brunsvick,  1847). 

It  is  true  that  thonsands  have  lived  without  a 
knowledge  of  tea  or  coffee,  and  daily  eiperienco 
teaches  that  under  certain  circumstances  they  may 
be  dispenned  with  without  disadvantage  to  the  merely 
animal  vital  functions.  But  it  is  an  error,  certwily, 
to  oonclude  from  this  that  they  may  be  altogether 
dispensed  with  in  reference  to  their  effects  ;  and  it  is 
a  question  whether,  if  we  had  no  tea  and  no  coffee, 
the  popular  instinct  would  not  seek  for  and  discover 
the  means  of  replacing  them.  Science,  which  accusea 
US  of  so  much  in  these  respects,  wiQ  have  in  the 
first  place  to  ascertain  whether  it  depend  on  sensual 
and  sinful  inclinations  merely,  that  every  pa<^le  of 
the  globe  has  appropriated  some  such  means  of  acting 
on  the  nervous  life ;  from  the  shore  of  the  Pacific, 
where  the  Indian  retires  from  life  for  days  in  order 
to  enjoy  the  bliss  of  intoxication  with  koka,  to  the 
Arctic  regions,  where  Samtschatdoles  and  Eoriakes 
prepare  an  intoxicating  beverage  from  a  poisonona 
mushroom. 

We  think  it,  on  the  contrary,  highly  probable,  not 
to  say  certain,  that  the  instinct  of  man,  feeling 
certain  blanks,  certain  wants  of  the  intensified  life 
of  our  times,  which  cannot  be  satisfied  or  filled  up  by 
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mere  quantity,  has  diacovered,  in  tbese  products  of 
vegetable  life,  tlie  true  means  of  giving  to  his  food 
the  desired  and  Deceasary  qualitj. 

Every  Bubstance,  io  bo  far  as  it  has  a  share  in  the 
vital  proceaees,  acts  in  a  certain  way  on  our  own 
nerrouB  system,  on  Ae  sensual  appetites  and  the  will 
of  man. 

Macaulay,  the  dis^Dguished  euqoirer  in  the  province 
of  history,  has  indeed,  in  his  clasmcal  work,  bestowed 
a  well  merited  attention  on  the  influence  of  coffee- 
houses OD  the  political  condition  of  England  in  the 
seventeenth  century,  but  the  share  which  the  con- 
edtuentfi  of  cofi'ee  then  had  in  determining  the 
direction  of  mental  activity  is  a  problem  which  hoa 
yet  to  be  solved. 

What  we  know  of  the  physiological  effects  of  these 
drinks  is  not  worth  mentioning.  These  effects  are 
usually  ascribed  to  the  presence  of  th^ne  (identical 
with  die  caffeine  in  coffee,  and  found  also  in  Mat^  or 
Paraguay  tea),  sod  this  is  probably  correct.  There  are 
no  drinks,  which  in  their  complexity  and  in  the 
nature  of  certtun  eonstttuents,  have  more  resemblance 
with  soop  than  tea  and  coffee,  and  it  is  very  probable 
that  the  nse  of  them  as  a  part  of  food  depends  on  the 
exciting  and  vivifying  action  which  they  have  in 
common  with  soap. 

When  common  tea  leaves  are  placed  on  a  watoh- 
glaM,  loosely  covered  with  paper  and  heated  on  a  hot 
iron  plate  gradually  to  the  point  at  which  browning 
takes  place,  long  white  shining  crystals  appear  on 
tho  paper  and  on  the  surface  of  the  leaves.  This  is 
theine. 

By  its  properties  theine  belongs  to  the  class  of  the 
organic  bases,  all  of  which,  without  exception,  hare 
an  action  on  the  nervous  system.  If  arranged  in  a 
series,  beginning  with  theine,  the  bodies  at  the  end 
of  the  scalot  strychnine  and  bmcine,  act  as  the  most 
frightful  poisons  ;  quinine,  standing  near  the  middle. 
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is  a  highly-prized  remedy;  the  conetituentB  of  opinnt 
have,  in  certain  dosea,  medicinal  effects,  in  larger 
dbBee  they  are  puiaonouB.  The  medicinal  and  poiaonous 
organic  baaes  contain,  for  one  equivalent  of  nitrogen, 
more  than  eight  equivalents  of  carbon.  Theine  or 
caffeine,  and  the  bodies  resembling  tbem,  which  may 
be  taken  without  injury,  all,  on  the  other  hand, 
contain,  for  the  same  amount  of  nitrogen,  less  carbon 
than  the  constituents  of  blood  (8  eqs.) 

Theine  is  related,  io  compoution,  to  no  organic 
nitrogenous  base  more  closely  than  to  kreatinine, 
that  remarkable  compound,  produced  in  the  vital 
process,  and  occurring  in  the  muscular  system  of 
animals  ;  and  to  glycocoll,  which  we  may  suppose  to 
exist  in  gelatine  coupled  with  another  compound  as 
may  be  seen       the  following  formulee  : — 

Thein C,  K,  Hj     O, 

KreatiniDB C,  N,  H,     0, 

Gljcmoll  (iLDhydrous).        .        .    .  C,  N,  H,    0, 

Kralina C,  K,  H,,  O, 

TheobivmiDe  (iD  C«u)      .        .     .  C,  N,  H^    O, 

We  see,  by  these  formulie,  Uiat  kreatinine  contains 
the  elements  of  theine  and  those  of  amide  (NH^), 
and  that  glycocoll  and  kreatine  differ  in  this,  that 
the  latter  coutaina  1  eq.  of  ammonia  more  thui  the 

Theine  yields,  in  certam  processes  of  deootnpOBition, 
ft  aeries  of  most  remarkable  products,  which  have 
much  analogy  with  those  derived  from  urie  arad  in  ' 
similar  circumstances.  (Rochloder.)  The  infusion  of 
tea  differs  from  that  of  coffee  by  containing  iron  and 
manganese.  If  we  evaporate  to  dryness  a  clear 
infusion  of  Pekoe  or  Souchong  tea,  and  incinerate  the 
residue  perfectly,  there  is  left  an  ash,  which  is  often 
green  from  manganate  of  potash,  and  gives  off 
chlorine  when  treated  with  hydrochloric  acid  in  con- 
sequence of  the  presence  of  manganic  acid.     The 
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presence  of  these  metals  in  tea  is  the  more  rcmarlcable, 
because  the  most  delicate  tests  do  not  detect  the  iron 
ia  tea ;  if  a  salt  of  iron  be  added,  the  tea  becomes 
black,  like  ink,  on  account  of  the  presence  of  tannic 
acid.  Infusion  of  tea  contuna  a  compound  of  iron,  on 
wliicli  tannine  obviously  has  no  action. 

We  have,  therefore,  in  tea  (of  many  Unds)  a 
heverage  which  contains  the  active  constituents  of  the 
most  powerful  mineral  springs,  and  however  small  the 
amount  of  iron  may  be,  irhicb  ire  duly  take  in  this 
form,  it  cannot  be  destitute  of  influence  on  the  vital 
processes.* 

By   the    presence    of    empyreomatic    Biihstances, 


onog 


i  0'104 
>zidc  of 


gramme!  of  peroiyde  of  ir 
uumguieta.    (Flciunknii.) 

Coratitaenta  of  the  AbIibi  of 
Infa^DDoftei.  Decoction  of  CoOeD.  Cacao  B«eoa. 
SoncboDg.  Jnt,  CoSee.     Oiux*quil  Cuu. 


(Lchmimi) 

(L.Imi»nn) 

(Zedelet) 

PotBili          ,         .  47'4£ 

fil-46 

37-14 

Lime       . 

1-24 

3-53 

2-88 

M.gn«U      . 

6-64 

8-67 

15-97 

Peroxide  of  iron 

3-29 

0-25 

0-10 

Plionihoric  uid 

9-86 

10-02 

89-65 

SnlphnricKid 

873 

401 

1-5S 

Silicic  »dd       . 

a-31 

0-73 

017 

Ciibonic  icid 

10>09 

20-50 

0-00 

Chloride  of  KKlium     S'62 

K  CI  1-98 

a  1-66 

Sodi       ,        .     .    Ji'03 

ChiRotl  uid  Sui 

1-09 

0^49 

» 

100-77  100-68  100-33 

100  puta  of  iLe  leBree  (SoDcbong)  eilncled  &]>  bailing  vsler  give 
15-S36penaor  dried  extradtirhlcli  yield  306  of  Behea  <=)9-69 
per  cent,  of  tbe  eilncO  ;  ^O*'  P*"*  "f  routed  coffee  jlelded  b; 
decoction  with  water,  31-62  porta  of  ezlract,  which  g»e  3'41  of 
uhee,  (=16-6  per  cent,  of  the  eitnct);  the  cMso  beam  were 
•helled,  and  gave  3-62  per  cent,  of  ubea. 
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roasted  coffee  acquires  the  property  of  obecking  thoee- 
proceasea  of  solution  and  decompoiitioa  which  are 
b^an  and  kept  up  by  fermentB.  We  know  that  all 
empyreumatic  bodies  appose  fermentation  and  putre- 
facUon;  and  that,  for  example,  imoked  fleah  ia  leea 
digestible  than  that  which  ia  merely  salted.  Persons 
of  weak  or  senaitive  organs,  will  perceive,  if  they 
attend  to  it,  that  a  oup  of  strong  coffee  after  dinner 
instantly  checks  digestion.  It  is  only  when  the 
absorption  and  removal  of  it  has  been  effected,  that 
relief  is  felt.  For  strong  digestiona,  which  are  not 
BufSciently  delicate  reagents  to  detect  such  effects, 
ooffee  after  eating,  serves,  from  the  same  cause,  to 
moderate  the  activity  of  the  stomach,  exalted  beyond 
a  certfun  limit  by  wine  and  spices.  Tea  has  not  the 
same  power  of  checking  digestion ;  on  the  contrary, 
it  increases  the  peristaltic  motions  of  the  intestines; 
and  this  is  sometimes  shown  in  producing  nausea, 
especially  when  strong  tea  is  t^en  by  a  fasting 
person. 

It  has  already  been  mentioned,  that  the  daily  con- 
sumption of  respiratory  matter  amounts  to  five  or  six 
times  the  weight  of  the  plastic  matter,  and  in  years 
of  scarcity  the  want  of  the  former  is  first  and  moat 
sensibly  felt  by  all  clossea  of  the  people.  While  the 
prices  of  fat  and  butter  rise  with  that  of  grain,  and 
potatoes  become  even  proportionally  dearer  than  grain, 
the  price  of  meat  generally  remains  the  same  as  in 
cheaper  years.  One  reason  of  this  is,  that  bread  may 
be  substituted  for  meat,  but  for  the  wants  of  man 
cannot  be  so  perfectly  replaced  by  meat.*     Another 

*  In  deicribing  tik  nddence  in  the  Fuapu,  Darwin  uji,  in  Tut 
kdmliablii  work,  wbieh  contuna  m  rich  tkira  a!  the  fiaeat  dIihi- 
TBtioDt ;  "  We  wen  able  hen  (TtfNJgiieii,  17tli  Septembei)  to  buj 
tome  biMult.  I  bad  for  loma  diyi  ntea  onl^  meiit,  imd  felt  iguiu 
well  on  thia  diet,  but  I  obKrred  that  it  wai  adapted  onlj  to  ■  tci; 
ulive  mode  of  lift.  1  hava  heard  that  tick  peraaiu  in  England, 
put  on  iDimal  diet  alone,  conld  not  endare  it,  even  with  the  hope 
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<cauBe  of  the  comparatively  low  price  of  meat  depends 
on  the  circumetance,  that  to  years  of  bad  harresta, 
from  an  ezeesB  of  moiBture,  shonld  the  ordinary 
nutritionB  plants  fail,  there  ia  abundance  of  green 
fodder,  of  clover,  graas,  and  tnmipa.  Ueat  retains 
ita  lower  price,  because  the  demand  for  it  doea  not 
JDcreaae  like  that  for  bread.  In  dry  years  the  farmer 
haa  no  fodder,  be  is  forced  to  kill  his  cattle  and  sell 
them  for  what  they  will  fetch,  and  the  overstocking 
of  the  market  rendera  meat  even  cheaper  than  in 
ordinary  years. 

Man,  when  confined  to  animal  food,  requires  for 
his  support  and  nourisbment  extensive  sources  of  food, 
eren  more  widely  extended  than  the  lion  and  tiger, 
because,  when  he  faaa  the  opportunity,  he  kills  without 

A  nation  of  hunters,  on  a  limited  space,  ia  utterly 
incapable  of  increaaing  ita  nmnber  beyond  a  certain 
point,  which  ia  soon  atttuned.  The  carbon  necesaaty 
for  respiration  must  be  obtained  from  the  animals,  <j 
which  only  a  limited  number  can  live  on  the  space 
su^MMcd.  These  animals  collect  from  plants  the 
conetituents  of  their  organs  and  of  their  blood,  and 
yield  them,  in  turn,  to  the  savages  who  live  by  the 
chaae  alone.  They,  again,  receive  this  food  unaccom- 
panied by  those  compounds,  destitute  of  nitrogen, 
which,  during  the  life  of  the  animala,  served  to  suppwt 
the  respiratory  process. 

While  the  savage  with  one  animal  and  an  eqnal 
weight  of  Btar^  could  maintain  life  and  health  for  a 
certain  number  of  days,  he  would  be  compelled,  if 

of  betJth  before  their  tjta ;  and  ^ct  the  OMiehM  in  the  F>m|iu, 
daring  Bun;  monthi,  emt  nothing  bat  beef.  Bnt  I  mtiM  obMrn, 
tlut  the;  eit  ■  very  luge  quutitj  of  &t,  and  thej  de>idie  di;, 
leu  flNh,  like  thai  of  the  Agouti."    (Dirwin'i  Traveli). 

Homer  omlu  no  oppoituDlt;  In  domblng  Ihe  mail  and  feuti 
Of  hii  hanin,  of  UDging  tlie  pnue  dne  to  the  "  blooming  "  &t  of 
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confined  to  ScbIi  alone,  in  order  to  procure  the  carboa 
necessary  for  respiration,  daring  Uie  same  time,  to 
consume  five  such  animals,  Uta  food  coottuns  att 
czcesB  of  plastic  matter  ;  during  the  greater  part  of 
the  year,  that  which  is  wanting  is  die  respiratory 
material  which  ought  to  accompauj  the  sangoinige- 
nous  food.  Hence  the  tendency  to  hrandy-drinking, 
always  ohserved  in  men  who  lire  on  flesh  exclusively. 

The  pi'acUcal  view  of  agriculture  cannot  be  more 
clearly  or  profoundly  conceived  than  it  was  by  the 
North  American  chief,  whose  speech  on  the  subject  la 
reported  by  Crevecceur.  The  chief,  in  recommending 
agriculture  to  his  tribe,  the  Mississean  Indians,  sud : 
"  Do  you  not  see  that  the  whites  live  on  com,  but  we 
on  flesh?  that  the  flesh  requires  more  than  thirty  moons 
to  grow,  and  is  often  scarce  ?  that  every  one  of  the 
wonderful  seeds,  which  they  scatter  on  the  soil, 
returns  them  more  than  an  hundred-fold  ?  that  the 
flesh  has  four  legs  to  run  away,  and  we  only  two  to 
catch  it  f  that  the  seeds  remtun  and  grow,  where  the 
white  man  sows  them  ?  that  winter,  which  for  na  is 
the  season  of  laborious  bunts,  is  to  them  a  time  of 
rest  ?  It  is  for  these  reasons  that  they  have  so  many 
children,  and  livo  longer  than  we  do.  I  say,  then,  to 
every  one  who  hoars  me,  before  the  trees  above  our 
huts  shall  have  died  of  age,  before  the  maples  of  tha 
valley  cease  to  yield  us  sugar,  the  race  of  the  sowers 
of  corn  will  have  extirpated  the  race  of  flesh-eaters, 
unless  the  hunters  resolve  also  to  sow," 

In  his  difficult  and  laborious  life  of  the  chase,  the 
Indian  consumes  in  bis  limbs  a  large  sum  of  force, 
but  the  effect  produced  is  very  trifling,  and  bears  no 
proportion  to  the  expense. 

Cultivation  is  the  economy  of  force.  Science 
teachesus  the  simplest  means  of  obtaining  the  jTreofcft 
efFect  with  the  snutlktt  expenditure  of  power,  and 
with  given  means  to  produce  a  maximum  of  force. 
The  unprofitable  exertion  of  power,  the  waste  of  force 
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in  agriculture,  in  other  branoliea  of  industry,  in 
science,  or  in  social  economy,  is  characteristic  of  the 
sarage  state,  or  of  the  want  of  true  civilisation. 

Herein  consists,  in  fact,  the  extraordinary  superiority 
of  power,  which  distinguishes  our  period  from  all 
earlier  timcB ;  in  this,  namely,  that  the  development 
of  the  natural  sciences  and  of  mechanics,  and  the 
study  of  all  the  causes  which  produce  mechanical 
motion  and  change  of  place,  have  led  to  the  more 
accurate  acquuntance  with  the  laws  which  enable  men 
to  convert  into  willing  and  obedient  servants  those 
natural  forces  which  formerly  excited  fear  and  terror. 

Like  a  PrometheuB,  man,  with  the  aid  of  the  divine 
spark  from  above,  which,  when  fed  by  religion  and 
morality,  is  the  foundation  of  all  mental  improvement, 
has  infused  life  into  the  elements  of  the  globe. 

The  stean>engine  receives  food  and  drink,  and 
breathes  like  an  animal ;  in  its  body  there  exists  a 
source  of  heat  and  a  source  of  power,  by  means  of 
which  internal  and  external  effects  of  motion  are  pro- 
duced ;  the  most  perfectly  trained  horse  does  not 
more  patiently  obey  man's  will,  than  the  locomotive 
of  our  rulways,  which  goes  fast  or  slow,  stands  still 
and  obeys  the  lightest  touch  of  his  fingers. 

Science,  which  causes  machinery  to  do  the  work 
formerly  done  by  slaves,  has  established  a  more  Just 
proportion  between  the  forces  of  external  nature  and 
the  organio  force.* 

*  The  chute  queen  of  Ithua,  in  the  sbiencs  of  her  lord, 
nijMes,  reqoired,  u  Homer  tella  in,  twelve  femile  lisTeJ,  who 
Uboured  da;  uid  nigbt,  to  grind  tbe  com  necessary  for  the  support 
d(  her  houiehold.  It  wu  b  limple  fsmily  economj,  Bod  I  ei^ge- 
rate  in  uaEDing  that  Peaelopa  hid  to  feed,  daily,  three  hundred 
people.  In  thew  drcunntancBi,  therefore,  where  all  labour  win 
performed  ID  Ihe  iweat  of  man'a  brow,  one  penoa  waa  required  to 
grind  com  for  twenty-five,  perhapt  for  onlj  half  that  number.  In 
our  dayi  the  grinding  of  com  employi  far  fewer  lianda.  In  the 
mill  at  8t.  Maur,  near  Parii,  the  grun  for  a  hnadred  thouiand 
wldiera  can  be  groand  every  dtty  by  twenty  workmen ;  that  is,  ono 
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The  snm  of  the  rays  of  light  and  heat,  which  tli« 
earth  receivee  from  the  sun,  is  a  fixed  value,  but  it  it 
distributed  on  the  earth's  surface,  in  consequence  (d 
caaaea  which  must  be  named  providential,  uneqnallj- 
Hence,  there  is  at  one  pUce  on  eicesa,  which 
increases  the  production  of  the  conditiona  essential  to 
life  ;  at  another  there  is  a  deficiency,  whieh  oanaes 
that  production  to  fall  off.  If  the  chaonela  exist, 
through  which  these  forces  may  flow  both  ways,  an 
equilibrium  is  spontaneously  effected ;  there  is 
nowhere  excess,  and  nowhere  deficiency. 

In  like  manner,  riches  and  its  shadow,  poverty,  ore 
distributed  OTer  the  earth.  At  oU  times  the  relative 
proportion  of  them  has  been  the  same  and  nnchonge- 
able.  Any  permanent  increase  in  wealth  ia  opposed 
by  circumstances,  which  set  a  limit  to  it.  As  the 
blood  moves  from  the  great  arterial  trunks  towards 
the  capillaries,  the  largest  income  is  consumed,  and 
flows  through  an  infinite  namber  of  amaller  channels 
hack  to  the  origioal  source. 

Where  the  light  is  strong  the  shadows  appear 
darker  ;  but  nature  wills,  that  in  all  degrees  of  ligb^ 
vigorous  plants  shall  grow.  Without  trees  there 
would  be  no  underwood,  no  com,  and  no  crops,  for 
trees  attract  the  fertilising  rain,  and  cause  the  springs 
perpetually  to  flow,  which  diffuse  prosperity  aoi 
comfort.  The  theories  of  modern  socialism  would 
have  no  shadow  anywhere  ;  but  if  the  last  blade  w 
gross  which  casts  a  shadow  were  destroyed,  then 
there  would  indeed  be  light  everywhere,  but  with  it 
universal  death,  as  in  the  desert  of  Sahara. 

By  means  of  the  forces  produced  in  his  frame,  man 

labourer  fbr  Gvg  thounnd  coniumen.  Penelope  could  ddI;  git, 
doublleo,  a  very  meagre  p»j  to  her  twelve  ilarei,  alihougb  oKf 
whelmrd  wjtfa  Ubour,  becauia  the  produce  of  tbu  libonr  v*> 
reUliTBlj  10  nnall.  (Che»»llier.  IjeCtnt  lur  rOmiUMilion  i" 
Tr.™l,  Pttii.    Cpelle,  1848,p.  29.) 
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opposes  to  the  natural  forces  which  atrire  incessantly 
to  annihilate  his  existence,  a  resistance,  irhich  most. 
be  dsilf  renewed,  if  his  continuance  for  a  season  is 
to  be  secured. 

In  everj  hoar  a  portion  of  our  body  dies  off,  nnd 
even  in  the  state  of  perfect  health,  the  machine,  after 
aereoty  or  eighty  years,  becomes  the  prey  of  the 
ioorg&nic  powers  ;  all  resistance  ceases  ;  the  elerocnts 
of  the  machine  return  to  the  atmosphere  and  to  the 

Life  18  a  continual  struggle  with  the  forces  of 
Nature,  a  constant  alternate  disturbance  and  resto> 
ration  of  a  state  of  equilibriam. 

Man  requires,  in  the  form  of  food  and  drink,  the 
means  of  producing  force  and  heat ;  he  thus  creates 
in  hii  body  the  resistance  which  he  must  oppose  to 
the  actioD  of  the  atmosphere,  which  daily  takes  up  a 
part  of  his  orgaaism; 

In  order  to  preserTe  his  temperature,  and  to  pro- 
tect him  against  the  weather,  he  requires  a  dwelling, 
eUAhmg,  and  fire  ;  in  order  to  preeerre  health,  he  must 
hare  the  means  of  insuring  perional  eUanlxneit,  and 
to  restore  it,  he  most  have  medicine. 

Food  and  drink  can,  to  a  certain  extent,  represent 
and  replace  clothing,  fire,  and  medicine ;  but  they 
themselves  are  not  replaceable  by  the  supply  of  any 
of  the  other  wants  of  life — they  are  absolute  or 
indispensable  necessaries. 

When  there  is  a  want  of  internal  resistance,  as  in 
starvation,  the  same  natural  forces,  which  determine 
the  vital  phenomena,  act  like  a  sword,  which  gradually 
but  irresiatibty  penetrates  to  the  central  point  of  life, 
and  pnts  as  end  to  its  activity.  4 

Man  requires,  for  the  development,  perfection,  and 
preservation  of  the  peculiar  actions  of  his  orgmiR 
of  sense,  certain  other  conditions,  the  necessity  for 
which  leads  him  to  punne  the  agreeable  and  the 
profiuAle. 
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Besides  these,  man  bes  still  a  number  of  otfaer 
^anls,  ariMng  from  bia  intellectual  nature,  vihich  are 
Bot  satisfied  by  means  of  natural  forces.  Such  are 
the  manifold  conditions  of  the  iiitellectiial  functions, 
on  the  development,  perfection,  and  preBerratton  of 
which  depend  the  due  and  judicious  application  of  his 
bodilj  powers,  as  well  aa  the  l>ending  and  employment 
of  the  natural  forces  (o  satisify  all  his  wants,  wheUier 
those  nhich  are  essential  to  life,  or  those  which  are 
profitable  and  agreeable  only. 

As  in  the  body  of  an  individual,  so  aho  in  the  sum 
of  all  individuals,  which  constitutes  the  state,  there 
goes  on  a  change  of  matter,  which  is  a  conHumptioD 
of  alt  the  conditions  of  individual  and  social  life. 

Silver  and  gold  have  to  perform  in  the  organism  of 
the  state  the  same  function  as  the  blood  corpuscles  in 
the  human  organism.  As  these  round  discs,  without 
themselves  taking  an  immediate  share  in  the  nutritive 
process,  are  the  medium,  the  essential  conditioa  of 
the  change  of  matter,  of  the  production  of  the  heftt 
and  of  the  force  by  which  the  temperature  of  the 
body  is  kept  up,  and  the  motions  of  the  blood  and  all 
the  juices  are  determined,  so  has  gold  become  the 
medium  of  all  activity  in  the  life  of  the  state. 

During  the  Middle  Ages,  the  tai-payer  paid  his 
imposts  in  corn,  wine,  eggs,  and  fowls,  and  in  feudal 
services  and  labour ;  all  the  necessaries  of  life  he 
produced  for  himself.  Colonial  wares  were  unknown 
to  him,  and,  with  half  a  pound  of  copper  coin,  he 
procured  the  tools  he  required.  The  municipal  com- 
mnuities  had  their  common  breweries,  and  in  many 
places  the  authorities  sold  wine,  and  drew  it  for  the 
citizens.  Gold  and  silver  were,  for  the  great  majority, 
goods  which  they  wore  ostentatiously  on  their  clothes 
or  furniture.  But  since  gold  has  assumed,  in  the 
organism  of  the  state,  a  function  corresponding  to  the 
conveyance  of  ozygen  in  the  body,  the  rich  use,  in 
place  of  the  massive  vessels  of  silver  and  gold  formerly 
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■BO  common,  copper  or  white  brass,  plated  with  silver 
and  gold. 

The  change  of  matter,  in  the  atate,  as  in  the  body, 
is  the  source  of  all  its  powers  ;  its  continued  ezisteace 
depends  on  the  restoration  of  the  wasted  materials, 
on  the  renoTatiou  or  restoration  of  all  the  conditions 
of  individual  or  social  life-  As  in  the  animal  body 
the  change  of  matter  may  be  measured  by  the  number 
of  blood  corpuscles,  which  in  a  given  time  pass  from 
the  heart  to  the  capillaries  and  from  those  back  to 
the  heart,  so  may  the  change  of  matter  in  the  state 
be  measured  by  the  rapidity  with  which  money  passes 
from  baud  to  hand.  All  causes  which  impede  this 
motion,  or  which  act  on  the  change  of  matter,  on  waste 
and  supply,  as  the  natural  forces  do  in  the  body, 
disturb  the  equilibrium,  and  produce  peculiar  conditions 
analogous  to  the  diseases  of  the  individual. 

Compared  with  the  effects  produced  by  the  rapidity 
of  the  circulation  of  money,  its  absolute  quantity  is 
almost  nothing.  The  body  of  the  state,  in  perfect 
health,  is  like  the  human  body,  through  the  heart  and 
capillaries  of  which,  in  twenty-four  hours,  from  31,000 
to  38,000  lbs.  of  blood  pass,  while  the  absolute  amount 
of  the  blood  is  a  thousand  times  smaUer. 

The  sum  of  all  the  resistances,  opposed  by  Nature 
to  the  continuance  of  life  and  to  the  acquisition  of  the 
conditions  of  life  (which,  with  regard  to  the  peculiar 
function  of  money,  is  equivalent  to  the  acquisition  of 
money,)  is  precisely  so  great,  that  the  active  power 
producible  in  man  can  come  into  equilibrium  with  iU 
Man,  according  to  the  laws  of  Nature,  cannot,  without 
endangering  his  coDtinned  exist«nce,  consume  any 
part  of  his  force  in  overcoming  resistances,  by  over- 
coming which,  he  does  not  obtain  the  means  of  restoring 
his  wasted  powers. 

A  relation  perfectly  analogous  exists  in  the  organism 
of  the  state.  Every  waste  of  power,  which  does  not 
serve  for  the.  reproduction  of  a  condition  essential  to 
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the  life  of  the  state,  or  the  noa-einplo^merit  of  power, 
which  exists  aad  may  be  employed  to  produce  a  cod- 
ditioQ  of  vit&lity,  disturbs  the  health  of  the  political 
body. 

Just  as  erery  mnecular  fibre,  every  nerve,  ereiy 
part  of  a  tissue  in  the  animal  body,  bas  a  Ehare  in 
the  change  of  matter  going  on  in  it,  and  contributes 
its  part  to  the  preserration  and  continuance  of  the 
general  processes  of  digestion,  sanguification,  motion 
of  the  juices,  and  secretion,  as  neli  as  of  all  the  actions 
of  the  limbs,  the  seuBes,  and  the  brain,  so  must  every 
individual  in  the  state,  according  to  the  measure  of 
the  available  force  in  his  limbs,  senses,  or  mind,  con- 
tribute his  share  to  the  preservation  and  restoration  of 
the  vital  phenomena  in  the  general  body.  The  effect 
of  these  forces  is  what  we  call  ia6o«r. 

Every  part  of  the  organism  has  a  right  to  the  freest 
nse  of  its  power  of  labour ;  and  all  have  a  right  to 
labour,  unimpeded  and  unchecked  by  others.  The 
maximum  of  effect  from  the  powers  of  labour,  is  in- 
versely proportional  to  the  sum  of  the  resistances  to  be 
overcome  ;  the  greater  the  resistance,  the  less  is  the 
effect.  The  duty  ofaChristiaustateis  to  diminish,  not 
to  increase,  the  resistance  or  the  obstacles  which  exist ; 
but  the  doctrines  of  those  excellent  and  sagacious  men 
who  brought  conviction  to  the  mind  of  the  greatest 
statesman  of  our  time — of  that  wise  and  large-hearted 
man*,  whose  loss  the  nation  to  whom  he  belonged  and 
the  world  will  mourn  for  a  century  to  come — appear,  ap 
to  this  time,  to  have  found  a  congenial  and  fertile  soil 
neither  in  the  understanding  nor  in  the  hearts  of  men. 
It  is  ignorance  of  the  conditions  which  determine  the 
health,  the  prosperity,  and  the  power  of  the  State, 
which  has  caused  the  misproportionB  which  is  many 
states  are  the  source  of  so  many  evils.  Instead  of  a 
harmonious  whole,  we  have  an  abortion, — a  huge  head 
on  a  dwarfish  body ;  enonnoua  arms,  and  thin,  feeble 
legs  ;  a  large  stomach,  and  small  lungs.    When  acti. 
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dent  and  caprice,  instead  of  foreeight  and  refieotion,  or 

oldcustoms,  at  war  with  the  iawB  of  nature,  are  allowed 
to  regulate  the  motions  and  the  expenditure  of  power 
ia  the  organiHm  of  the  State,  the  natural  results  are 
feebleness  end  defects,  and,  in  their  train,  poverty  and 
misery.  Thus  a  barbarouB  state,  by  means  of  unjust 
and  unequally  distributed  imposts,  urges  whole  masses 
of  the  population,  during  their  entire  life,  towards 
famine  ;  compeUing  them  to  expend  too  great  a  sum 
of  their  own  force,  merely  to  prolong  their  existence, 
and  for  other  objects,  by  which  the  powers  of  all  the 
individaal  parts  are  not  perfectly  restored.  Thus 
states  with  great  standing  armies  have  only  the  ap- 
pearance of  strength,  because  a  perpetual  phlebotomy 
abstracts  the  b^t  part  of  their  blood,  and  their 
noblest  juices.  Their  strength  is  like  that  which  the 
savage  finds  in  the  intoxication  of  brandy  :  when  the 
intoxication  has  passed  away,  the  power  baa  fled 

"  All  those  things  which  appear  to  he  left  to  the 
free-will,  the  passions,  or  the  degree  of  intelligence 
of  men,  are  regulated  by  laws  as  fixed,  immutable,  and 
eternal  as  those  which  govern  the  phenomena  of  the  na- 
tural world.  No  one  £nows  the  day  or  the  hour  of  his 
own  death  ;  and  nothing  appears  more  entirely  acci- 
dental than  the  birth  of  a  hoy  or  of  a  girl  in  any  given 
case.  But  how  many,  out  of  a  million  of  men  living 
together  in  one  country,  shall  have  died  in  ten,  twenty, 
forty,  or  sixty  years, — how  many  boys  and  girls  shall 
be  born  in  a  million  of  births, — all  this  is  as  certain, 
nay,  much  more  certain,  than  any  human  truth." 

"  The  statistics  of  courts  of  justice  have  disclosed 
to  US  the  regular  repetition  of  the  same  crimes,  and 
have  established  the  fact, — incomprehensible  to  our 
understandings,  because  we  do  not  know  the  conneet- 
ing  links, — that  in  every  large  country,  the  number  of 
offences,  and  of  each  kind  of  offence,  may  be  predicted 
for  every  coming  year  with  the  same  certainty  as  the 
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number  of  the  birtbs  Bud  of  the  natural  deaths.  OT 
ererj  100  peraonB,  accused  before  the  supreme  tri- 
bunal in  France,  61  are  condemned  ;  in  England,  71- 
The  TariationB,  on  an  average,  amount  hardlj  to  the 
jjj  part  of  the  whole.  We  can  predict,  with  confi- 
dence, for  fifteen  years  to  come,  the  number  of  suicides 
generally, — that  of  the  cases  of  suicide  by  fire-anns, 
and  that  of  the  cases  of  suicide  by  hanging. 

"  Every  large  number  of  phenomena  of  the  sanie 
kind,  which  rise  and  fall  periodically,  leads  to  a  fixed 
proportion.  This  is  the  law  of  Urge  numbers,  to 
which  all  things  and  all  events,  without  ezceptioD,  are 
subject.  These  laws  have  nothing  to  do  with  the 
essence  of  vice  and  virtue  in  the  moral  world,  but 
with  the  external  causes,  and  the  effects  tliey  pro- 
duce in  human  society.  No  one  denies  the  influ- 
ence of  education,  and  of  habits  of  order  and  labour 
on  the  conduct  of  men,  but  no  one  thinks  of  regarding 
thia  moral  conduct  as  a  mere  result  of  those  habits. 
Good  education,  and  improved  cultivation,  diminish 
the  number  of  offences,  as  welt  as  that  of  the  annual 
deaths  in  our  tables  of  mortality."* 

It  is  plain,  that  a  knowledge  of  the  true  means  of 
bringing  human  society  nearer  to  a  better  condition, 
and  of  giving  a  permanent  foundation  to  the  happiness 
of  nations,  can  only  be  attained  by  studying  the  in- 
fluence  of  all  other  arrangements,  customs,  habits, 
and  institutions,  on  the  morality  of  mankind,  accord- 
ing to  the  numerical  method.  This  constitutes  true 
natural  science. 
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£teri  oue  knowa  tliat  in  the  immenae,  yet  limited 
expanse  of  tlia  ocean,  whole  worlds  of  plants  and 
animals  are  mutually  dependent  upon,  ftnd  successive 
to  each  other.  Tbe  animals  obtain  their  constituent 
elements  from  the  plants,  and  restore  them  to  the 
water  in  their  original  fonn,  when  thej  again  seiTe  aa 
nourishment  to  a  new  generation  of  plants. 

The  oxygen  which  marine  animala  withdraw  in 
their  respiration  from  the  air,  dissolved  in  sea  water, 
ia  returned  to  the  water  by  the  vital  proceaaes  of  sea 
plants;  that  air  is  richer  in  oxygen  than  atmospheric 
air,  containing  32  to  33  per  cent.,  while  the  latter 
contaiua  only  21  per  cent.  This  oxygen  sow  com- 
bines with  the  products  of  the  putrefaction  of  dead 
animal  bodies,  changes  their  carbon  into  carbonic  acid, 
their  hydrogen  into  water,  while  their  nitrogen  assumes 
again  the  form  of  ammonia. 

Thus  we  observe  that  in  tbe  ocean  a  circulation 
takes  place  without  the  addition  or  subtraction  of  any 
element,  unlimited  in  duration,  although  limited  iu 
extent,  inasmuch  as  in  a  confined  apace  the  nourish- 
ment of  plants  exists  in  a  limited  quantity. 

We  well  know  that  marine  plants  cannot  derive  a 
supply  of  hwnws  for  their  nourishment  through  their 
roots.  Look  at  the  great  aea-tang,  the  Fuctti  gigan- 
teue  :  this  plant,  according  to  Cook,  reaches  a  height 
of  360  feet,  and  a  single  specimen,  with  its  immense 
ramifications,  noiirishes  thousands  of  marine  animals, 
yet  its  root  is  a  small  body,  no  larger  than  the  fiat. 
What  nouriahment  can  thia  draw  from  a  naked  rock. 
upon  the  surface  of  which  there  is  no  perceptible 
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change  ?  It  ia  quite  obvious  that  these  plants  require 
only  a  hold, — a  fastening  to  prevent  ft  change  of 
place, — as  a  counterpoise  to  their  Bpecific  gravitT, 
whicli  is  less  than  that  of  the  medium  in  which  thej 
float.  That  medium  provides  the  necessary  nourish- 
nient,  and  presents  it  to  the  surface  of  every  part  of 
the  plant,  Sea-ivater  contains  not  only  carbonic  acid 
and  ammonia,  but  the  alkaline  and  earthy  pboaphates 
and  carbonates  required  by  these  plants  for  their 
growth,  and  which  we  always  find  as  constant  con- 
stituents of  their  ashes. 

All  experience  d«noDstrates  that  the  conditions  of 
the  eiistenee  of  marine  plants  are  the  same  which  are 
essential  to  terrestrial  plants.  But  the  latter  do  not 
live  like  sea-plants,  in  a  medium  which  contains  all 
their  elements  and  surrounds  with  appropriate  nourish- 
ment every  part  of  their  organs;  on  the  contrary, 
they  require  two  media,  of  which  one,  namely  the  sml, 
contains  those  essential  elements  which  areabsent  from 
the  medium  surrounding  them,  i.  e,  the  atmosphere. 

Is  it  possible  that  wo  could  ever  be  in  doubt 
respecting  the  office  which  the  soil  and  its  component 
parts  subserve  in  the  eiistenee  and  growth  of  vege- 
tables?— that  there  should  have  been  a  time  when 
the  mineral  elements  of  plants  were  not  regarded  as 
absolutely  essential  to  their  vitality?  Has  not  the 
same  circulation  been  observed  on  the  surface  of  the 
earth  which  we  have  just  contemplated  in  the  oeeau, 
— the  seme  incessant  change,  disturbance,  and  resto- 
ration of  equilibrium  ? 

Eiperience  in  agriculture  shows  that  the  produc- 
tion of  vegelahles  on  a  given  sorface  increases  with 
the  supply  of  certiun  matters,  originally  port  of  the 
soil  which  had  been  taken  up  from  it  by  plant* — 
the  excrements  of  man  and  animals.  These  are 
nothing  more  than  matters  derived  from  vegetable 
food,  which  in  the  vital  processes  of  animals,  or  after 
their  death,  assume  again  the  form  under  which  th<y 
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otiginally  existed,  as  ports  of  the  soil.  Now,  ire 
know  that  the  atmOKpbere  contains  none  of  these  sub- 
stances, and  therefore  can  replace  none ;  and  we  know 
that  their  removal  from  a  soil  deetroys  its  fertility-, 
which  may  he  restored  and  increased  by  a  new  supply. 

Is  it  possible,  after  so  many  decisiTe  investigations 
into  the  origin  of  the  elements  of  animals  and  vege- 
tables, the  USB  of  the  alkalies,  of  lime  and  the  phos- 
phates,  that  any  doubt  can  exist  as  to  the  principles 
upon  which  a  rational  agriculture  depends  ?  Can  the 
art  of  agriculture  be  based  upon  anything  but  the 
restitution  of  a  disturbed  equilibrium  ?  Can  it  be 
imagined  that  any  country,  however  rich  and  fertile, 
with  a  flourishing  commerce,  which  for  centuries  ex- 
ports its  produce  in  the  shape  of  grain  and  cattle,  will 
maintain  its  fertility,  if  the  same  commerce  does  not 
restore,  in  some  form  of  manure,  those  elements 
which  have  been  removed  from  tbe  soil,  and  which 
cannot  be  replaced  by  tbe  atmosphere  ?  Must  not 
the  same  fate  await  every  such  country  which  has 
actually  befallen  the  once  prolific  soil  of  Virginia,  now 
in  many  parts  no  longer  able  to  grow  its  former 
staple  productions — wheat  and  tobacco? 

In  the  large  towns  of  England  the  produce  both  of 
English  and  foreign  agriculture  is  largely  consumed  ; 
elements  of  tbe  soil  indispensable  to  plants  do  not 
return  to  the  fields, — contrivances  resulting  from  the 
manners  and  customs  of  English  people,  and  peculiar 
to  them,  render  it  difficult,  perhaps  impossible,  to 
collect  the  enormous  quantity  of  the  phosphates 
which  are  daily,  as  solid  and  liquid  excrements,  car- 
ried into  the  rivers.  These  phosphates,  although 
present  in  the  soil  in  the  smallest  quantity,  are  its 
most  important  mineral  constituents.  It  was  observed 
that  many  English  fields  exhausted  in  that  manner 
immediately  doubled  their  produce,  as  if  by  a  miracle, 
when  dressed  with  bone  earth  imported  from  the 
Continent.    But  if  the  export  ctf  bones  from  Germany 
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is  continued  to  the  ext«nt  it  has  now  reached,  our  toil 
rDnst  be  gradually  exhauited,  aad  the  extent  of  oar 
loM  may  be  estimated,  by  considering  that  one  pound 
of  bones  contains  as  much  phosphoric  acid  as  * 
linndred-ireigbt  of  grain. 

The  imperfect  knowledge  of  Nature  and  of  the  pro- 
perties and  relations  of  matter  poseesaed  by  the 
-alchemistH  gave  rise,  in  their  time,  to  an  opinion  that 
metals  as  well  as  plants  could  be  produced  from  a 
teed.  The  regular  forms  and  ramifications  seen  in 
crystals,  they  imagined  to  be  the  leares  and  brancbei 
of  metallic  plants  ;  and  as  they  saw  the  seed  of  plants 
grow,  producing  root,  stem  and  leaves,  and  again 
bloBBoms,  fruit  and  seeds,  apparently  without  receiving 
any  supply  of  appropriate  material,  they  deemed  it 
worthy  of  zealous  inquiry  to  discover  the  teed  of  gold, 
and  the  earth  necessary  for  its  development.  If  the 
seeds  of  metals  were  once  obtained,  might  they  not 
entertain  hopes  of  their  growth  ! 

Such  ideas  could  only  be  entertained  when  nothing 
was  known  of  the  atmosphere,  and  its  participation 
with  the  earth,  in  administeriug  to  the  vital  processes 
of  plants  and  animals.  Modem  chemistry  indeed 
produces  the  elements  of  water,  and,  combining  them, 
fonus  water  anew  ;  but  it  does  not  create  those  ele- 
ments— it  derives  them  from  water  ;  the  new  formed 
artilicial  wal«r  has  been  water  before. 

Many  of  our  farmers  are  like  the  alchemists  of 
old,  they  are  searching  for  the  miraculous  seed 
— the  means,  which,  without  any  further  supply  of 
nourishment  to  a  soil  scarcely  rich  enough  to  support 
the  natural  sprinkling  of  indigenous  plants,  shall 
produce  crops  of  grain  a  hundred-fold. 

The  experience  of  centuries,  nay,  of  thousands  of 
years,  is  insufficient  to  guard  men  against  these 
fallacies ;  our  only  security  from  these  and  similar 
absurdities  must  be  derived  from  a  correct  knowledge 
of  scientific  principles! 
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Tn  the  first  period  of  natnml  philosophy,  organic 
life  was  supposed  to  be  derired  from  water  only  ; 
aftenrards,  it  was  admitted  that  certain  elements 
derived  from  the  air  must  be  superadded  to  the  water  ; 
but  we  tiom  knoir  that  other  elements  must  be  supplied 
by  the  earth,  if  plants  are  to  thrive  and  multiply. 

The  amount  of  materials  contained  in  the  atmo- 
sphere, suited  to  the  nourishment  of  plants,  ia  limited  ; 
hut  it  must  be  abundantly  sufficient  to  cover  the  whole 
surface  of  the  earth  with  a  rich  vegetation.  Under 
the  tropics,  and  in  those  parts  of  our  globe  where  the 
most  general  conditions  of  fertility  exist, — a  suitable 
Boil,  a  moist  atmosphere,  and  a  high  temperature, — 
vegetation  Is  scarcely  limited  by  space  ;  and,  where 
the  soil  is  wanting,  the  decaying  trees,  their  bark 
and  branches,  become  themselves  the  seat  of  vege- 
tation and  a  soil  for  other  plants.  It  is  obvious  there 
is  no  deficiency  of  atmospheric  nourishment  for  plants 
in  those  regions,  nor  are  these  wanting  in  our  own 
cultivated  fields :  all  that  plants  require  for  their 
development  is  conveyed  to  them  by  the  incessant 
motions  of  the  atmosphere.  The  air  between  the 
tropics  contains  no  more  than  that  of  the  arctic  zones  ; 
and  yet  how  different  appears  the  amount  of  produce 
of  an  equal  surface  of  land  in  the  two  situations  ! 

This  is  easily  explicable.  All  the  plants  of  tropical 
climates,  the  oil  and  wai  palms,  the  sugar-cane,  &c., 
contain  only  a  small  quantity  of  the  sanguinigenoua 
bodies  necessary  to  the  nutrition  of  animals,  as  com- 
pared with  our  cultivated  plants.  The  tubers  of  the 
potato  in  Chili,  its  native  country,  where  the  plant 
resembles  a  shrub,  if  collected  from  an  acre  of  land, 
would  scarcely  suffice  to  maintain  an  Irish  family  for 
a  single  day  (Darwin).  The  result  of  cultivation  in 
those  plants  which  serve  as  food,  is  to  produce  in 
them  those  constituents  of  the  blood.  In  the  absence 
of  the  elements  essentia]  to  these  in  the  soil,  starch, 
■ogor  and  woody  fibre,  are  perhaps  formed  ;  but  no 
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vegetable  fibrbe,  albumen,  or  cueine.  If  we  inleod 
to  produce  on  a  given  surface  of  soil  more  of  these 
latter  mattera  than  the  plants  can  obtain  from  the 
atmoephere  or  receive  from  the  soil  of  the  same 
surface  in  ite  uncultivated  and  normal  state,  ire  miut 
create  an  artificial  atmoapbere,  we  must  add  the 
required  elementi  to  the  ioil. 

The  nourishment  which  must  be  supplied  in  a 
given  time  to  different  plants,  in  order  to  admit  a 
free  and  unimpeded  growth,  is  verj  unequal. 

On  dry  sand,  on  pure  calcareous  soil,  on  naked 
rocks,  only  a  few  genera  of  plants  prosper,  and  these 
are,  for  the  most  part,  perennial  plants.  The;  require, 
for  their  slow  growth,  only  such  minute  quantitiea 
of  mineral  substances  as  the  soil  can  furnish,  which 
may  be  totally  barren  for  other  species.  Annual, 
and  especially  summer  plants,  grow  and  attaiu  their 
perfection  in  a  comparatively  short  time  ;  tliej, 
therefore,  do  not  prosper  on  a  soil  which  is  poor  in 
those  mineral  substances  necessary  to  their  develop- 
ment. To  attain  a  maximum  in  height  in  the  ehtnt 
period  of  their  existence,  the  nourisbment  contained 
in  the  atmosphere  is  not  sufficient.  If  the  end  of 
oultiration  is  to  be  obtained,  we  must  create  in  the 
soil  BQ  artificial  atmosphere  of  carbonic  acid  and  am- 
monia ;  and  this  surplus  of  nourishment,  which  the 
leaves  cannot  appropriate  from  the  air,  must  he  taken 
up  by  the  corresponding  organs,  t.  e.  the  roots,  from 
the  soil.  But  the  ammonia,  t<^ther  with  the  car- 
bonic acid,  are  alone  insufficient  to  become  part  of 
a  plant  destined  to  the  nourishment  of  animals. 
Without  the  alkalies,  no  albumen,  without  the  alka- 
line and  earthy  phosphates,  no  vegetable  fibrine,  no 
vegetable  caseine,  can  be  formed.  The  phoe[Aoric 
acid  of  the  phosphate  of  lime,  indispensable  to  the 
cerealia  and  other  v^jetables  in  the  formation  of  th«r 
seeds,  is  separated  as  an  excrement,  in  great  qnanti* 
ties,  by  the  rind  and  barks  of  ligneous  plants. 
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How  different  axe  the  evergreea  pUnts,  the  oocti, 
the  moaaes,  the  femB,  and  the  pineH,  from  our  annual 
gr&Bsee,  the  cerealia  and  leguminous  vegetables ! 
The  fomier,  at  every  time  of  the  daj  during  winter 
and  Hummer,  obtain  carbon  through  their  leaves  by 
absorbing  carbonic  acid  which  ia  not  furnished  by  the 
barren  soil  on  which  they  grow ;  water  is  also  ab- 
sorbed and  retained  by  their  coriaceous  or  fleshy 
leaves  with  great  force.  They  lose  »ery  little  by 
evaporation,  compared  with  other  plants.  On  the 
other  hand,  how  very  small  is  the  quantity  of  mineral 
substances  which  they  withdraw  from  the  soil  during 
their  almost  constant  growtb  in  one  year,  in  com- 
parison with  the  quantity  which  one  crop  of  wheat  of 
an  equal  weight  receives  in  three  months  ! 

It  is  by  means  of  moisture  that  plants  receive  the 
necessary  alkalies  and  aalts  from  the  soil.  In  dry 
summers  a  phenomenon  is  observed,  which,  when  the 
importance  of  mineral  elements  to  the  life  of  a  plant 
was  unknown,  could  not  be  explained.  The  leaves  of 
plants  first  developed  and  perfected,  and  therefore 
nearer  the  surface  of  the  soil,  shrivel  up  and  become 
yellow,  lose  their  vitality,  and  fall  off  while  the  plant 
is  in  an  active  state  of  growth,  without  any  visible 
cause.  This  phenomenon  is  not  seen  in  moist  years, 
nor  in  evergreen  plants,  and  but  rarely  in  plants 
which  have  long  and  deep  roots,  nor  is  it  seen  in 
pereanials,  save  in  autumn  and  winter. 

The  cause  of  this  decay  is  now  obvious.  The 
perfectly-developed  leaves  absorb  continually  carbonic 
acid  and  ammonia  from  the  atmosphere,  which  are 
converted  into  elements  of  new  leaves,  buds,  and 
shoots  ;  but  this  metamorphosis  cannot  be  effected 
without  the  ud  of  the  alkalies,  and  other  mineral 
substances.  If  the  soil  is  moist,  the  latter  are  con- 
tinually supplied  to  an  adequate  amount,  and  the 
plant  retains  its  lively  green  colour  ;  but  if  this 
supply  ceases,  from  a  want  of  moisture,  to  dissolve 
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the  tnioeral  eSementB,  a  separation  takes  place  in 
the  plant  itself.  The  iniDeral  constituenta  of  the 
juice  are  withdrawn  from  the  leaves  (tiready  formed, 
(ind  are  used  for  tlie  formatioD  of  the  young  aboots  ; 
and  AB  Boon  as  the  seeds  are  developed,  the  Titali^ 
of  the  leaves  completely  ceaaea.  These  withered 
leaves  contain  only  minute  traces  of  soluble  salts, 
while  the  buds  and  shoots  are  very  rich  in  them. 

On  the  other  hand,  it  haa  been  observed  that, 
where  a  soil  is  too  highly  impregnated  with  soluble 
saline  materials,  these  are  separated  upon  the  surface 
of  the  leaves.  This  happens  to  culinary  vegetables 
eapeciully,  whose  leaves  become  covered  with  a  white 
crust.  Id  consequeace  of  these  exudations  the  plaut 
sickens,  its  organic  activity  decreases,  its  growth  is 
disturbed  ;  and  if  this  state  continues  long,  the  plant 
dies.  This  is  most  frequently  seen  in  foliaceous 
plants,  the  largo  surfaces  of  which  evaporate  con- 
siderable quantities  of  water.  Carrots,  pumpkins, 
peas,  &,a.,  are  frequently  thus  diseased,  when,  after 
dry  weather,  the  plant  being  near  its  full  growth,  the 
soil  is  moistened  hy  short  showers,  followed  again  by 
dry  weather.  The  rapid  evaporation  carries  off  the 
water  absorbed  by  the  root,  and  this  leaves  the  salts 
in  the  plant  in  a  far  greater  quantity  than  it  can 
assimilate.  These  salts  effloresce  upon  the  surface  of 
the  leaves,  and  if  they  are  herbaceous  and  juicy,  pro- 
duce an  effect  upon  them  as  if  they  had  been  watered 
with  a  solution  containing  a  greater  quantity  of  salts 
than  their  organism  can  bear. 

Of  two  plants  of  the  same  species,  this  disease 
befals  that  which  is  nearest  its  perfection  ;  if  one 
should  have  been  planted  later,  or  be  more  backward 
in  its  development,  the  same  external  cause  which 
destroys  the  one  will  contribute  to  the  growth  of  the 
other.* 

*  la  ihe  Journtl  of  too  Rojal  Agricultural  SocUtf  of  EDgUni], 
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Tal.  xi,  pDrt  II.,  tbere  uppeared  lut  jtbt  b  paper  bj  Mr.  Philip 
Pufley,  on  tbfl  progreii  of  agricultur&l  l{]iai4l«dge  during  tbe 
preceding  eight  jears,  in  which,  when  confidpriog  the  inflnence  o( 
cbemilti?  apon  ^culture,  he  coucludei  u  fallom  :  "  The  mioenl 
Ibeoryf  tco  huLiiy  adapted  by  Liebig,  namely,  tha-t  the  crapa  riae 
and  fill  in  Jireci  proportion  to  Iho  quanliij  of  mineral  euhatancei 
present  in  tlie  soil,  or  to  the  addition  or  abstcnclioD  of  thoae  >ub- 
ttancn,  vhich  are  added  in  the  manure,  haa  received  iladeith-blow 

autboritj,"  Mr.  Puaejadda,  "h»a«ertoiniyahown  thia  much,  that, 

auiled  to  grajn  crops,  the  phogpkorug  for  tumipa,  and  that  Iho 
vaady  matte™  of  straw  are  probably  adianiageoua  for  lumipa. 
Evcept  Liebig's  recommendation  to  diuolve  bonei  in   lulphurio 

aip'Mr.  Puaey,  "no  improvement  in  agricul lure  which  has  been 
deriTsd  tVom  chemiol  ditcavetiee."  "It  ia  a  g^eat  luistake  to 
ttippoae  that  we  can  make  agricullnriBta  bj  teaching  them  doubtful 
chemiatry,"— (P.  392.) 

Thoae  who  thould  believe,  in  Oermanj  and  other  eountriea,  that 
the  above  remsrki  of  the  farmer  president  of  the  Royal  Agricul- 
tural Sodetj  of  England  eipresa  the  public  opinion  of  England, 
would  deceive  themielvea;  and,  a«  an  lionoi«ry  member  of  that 
■odet]',  I  regard  it  u  a  point  of  bonour  lo  contradict  diractlf 
the  sUtementa  of  Hr.  Pukj.  Mr.  Puaej  U  not  a  chemist 
by  profeaaion,  and  the  eilent  of  hii  acquirement*  in  chemiatrj'  oa 
a  acience,  it  sufflcientlj'  ihown  by  hia  ttatementi  in  regard  (o 
the  formation  of  fat,  in  the  feeding  oF  stock,  from  siorcb  and  sugar, 
which  he  declarei,  in  the  Bme  paper,  i>  denied  by  Boussingault  and 
DuiDBa;  aa  well  ai  by  his  notion  that  gypaum  muit  be  dinolved  in 
500  parU  of  water  before  it  con  be  transformed  by  the  action  of 

lime.  It  b  preusely  M.  Boussingault,  who  has  given  the  strictest 
experimental  prooft,thal  starch  really  paaseascs  the  properly  of 
becoming  &t  in  the  body  of  animals,  and  M.  Dumaa  who  has 
proved  that  sugar  is  converted  into  wax  in  the  body  of  the  bee  ; 
from  which  it  does  not  of  coune  follow,  as  Mr.  Pusey  supposes, 
that  starch  is  to  be  given  to  animals  by  preference,  with  the  view 

that  thousands  of  cwts.  of  s'nlphate  of  ammonia  have  been  made' 
by  uDiply  bringing  powdered  gypsum  into  contact  with  carbonate 
efamiaonia,  and  that  in  the  manu&ctory  of  Nussdort',  near  Vienna, 
the  aame  pro«Ht — treatmeiU  of  ^ffpnan  VTitk  the  dutUlaie  of 
putrid  urine — in  all  piobability,  is  still  employed. 

Chemistry,  during   the  lost  eight  or  ten  years,  has  given  to 

plants  and  of  the  aourcea  of  their  food ;  it  hai  abowu  that  plants 
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miHt  obMln,  from' tbi  >nil  u  wcllu  ^m.the  atmoiphere,  >.  cstun 
DUiDberof  «leiiieilli,if  tbejmnilobedeTelopediuid  to  tbriie  on  tlu 
•oil-,  it  fau  eipluned  the  auua  of  the  adnatige  derived  fram  Ihi 
mecbuiiol  prepandon  of  thg  aoil,  (rout  quick-lime,  from  bllcn, 
ud  <Vam  the  rotation  of  crop).  CheinUtrj',  therefore,  h**  |;iTes  to 
Agriculture,  the  object  of  which  ii  the  pmfitible  productlBil  of 

liouiiy  paueH,  utA  bu  thuA  supplied  the  flrftt  and  most  important 
eonditioD  of  progrei)  uid  of  imp»Temeat.    The  fact  th»t  Mr.  PuKj* 

many  and  Fi'ance,  apeaki  of  pboaphomi  (it  ought  to  be  pho«|^ric 
acid)  and  of  atomoDiaj  pravea  in  the  moat  ttriiting  manner  the  zd- 
juaticeof  blauMTtlonai  for  eight  or  ten  ;e>n  ago  nothing  makimni 
in  ^ticultnre  of  phoaphorua  or  of  pbo^hUe  of  lime,  and  nothing  af 
ammonia.  It  vnt'  Vnoom,  indeed,  that  bonaa  bad  a  good  effect  at 
manuie,  but  do  one  knen  wlwl  it  wa)  in  the  boaea  nhicb  taiij 
acted.  Most  sgriculturigta  then  belicTed  thai  the  good  effecta  wire 
to  be  aacribed  lo  the  organic  matter, ihe  gelatine  of  the  bonei ;  and 
the  detection  of  thit  miitake  ig  turelf  a  great  gain  lo  agrknltan. 
The  nitrogrn  of  pUnli  wu  not  then  lappoacd  to  be  derived  bma 

no  intelligent  peiwin  will  deny  that  the  diacaveiy  of  the  true  origin 
of  the  nitrogen  of  planti,  of  ite  derivation  from  ammonlsf  haa  ied 
to  maDf  moit  ptcGuble  application!.  Tbe  fanner  now  knom  boi) 
he  mint  pioceed,m  order  to  flithii  active  ingredient  in  hiamaDnrt^ 
and  at  the  preaent  time  it  is  the  gua-workg  which  enablo  him  te 
fertiliie  hia  fielda  with  it.  Of  all  this,  eight  }tm  before  Mr.  Fbvi 
wrote,  very  tittle  wu  known,  and  I  cunaider  mvaelt  therefore 
jultified  In  declaring  that  the  anertion  of  Mr. 'pueej,  "thai 
cliomialry,  during  that  long  period,  baa  aa\j  given  to  agriculture  a 
recipe  fin-  manoring  tumipa,  and  a  new  manure  in  flu-water,"  ■ 
eironeoDI.     The  recomntendalJan  to  ditaolve  bonra  in  luljAarie 

greater  value  than  a  uaefbl  recipe  for  good  blacking. 

With  r^ard  to  the  eiperimenta  of  Mr.  Lawea,  (the  beat  anthe- 
ritf,  according  to  Mr.  Fnaey,)  tkej  are  enlireljr  devoid  of  value,  M 
Ihe  foundation  for  general  concluiiont.  With  a  knowledge  of  our 
experience  of  the  effecle  of  fallow,  and  of  produclioa  on  the  large 
acale,  it  requires  all  the  courage  derived  tn>m  a  want  of  intimate 
acquaintance  with  the  aubject  to  aaiert,  that  cerlaitdji  ammonia  ia 
peculiarly  Atted  for  ffrain  and  phot^Jmm^  for  f uniapa,  aod  (!■( 
manuring  with  atnn  iaproioifyadvantageoug  for  tutnipa;  fer,wl 

found  to  lesJ  to  an  incnaie  of  produce,  we  might  prove,  exactly 
aa  Mr.  Iawc)  bai  done,  for  a  hundred  thotuaod  otlier  Helda,  thai 
thege  aubatancea  do  not  increaae  the  crop,  or  even  that  they  do  Mt 
in  any  way  affect  it.     At  one  time  prediely  aimilal  condoaieM 
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'mre  dnwn  with  mptct  to  the  eBtcU  of  gyptum  and  of  nitnte  of 
mk,  and  aadi  conclutiotit  in  Uath  ire  oal;  prooA  how  little  tboM 
vho  dnw  them  an  icquunted  vith  the  true  principlei  of  agri- 
culture. Srerythiug,  in  the  action  of  mj  mviviet  dopendi  on  live 
compoai^n  of  the  tai]  lo  which  it  ii  added.  To  hrliliK  «  Mil  for 
grain  b;  meonl  of  tumnonia  alone,  il  lilie  tijiug  to  irai  ma  ol  with 
tbed  from  which  die  elDnumn  of  hit  banal  and  hia  blood  an  excluded. 

The  opinien  th.it  potalh,  in  man  jeaiei  soda,  lime^  maglieaia,  pho^ 
pboric  acid,  lulphuiic  add,  iron,  and  (for  the  cerealia)  BJkaliDO 
ailicatea,  are  ingredienta  of  a  fertile  soil ;  that  tbeie  lubetaDccfi, 
aloag  with  certain  conitituenta  of  the  altuoiphen,  cooBtilute  Ibe 
food  of  plantt,  and  are  «  enential  to  theoi  u  bread  and  meat  to 
men,  or  hay  and  oatt  to  hartet; — thii  opinion  ii  not  the  cxpreiaion 
of  a  theory,  but  of  a  uatnnl  law  or  uniienal  fact,  For  luch 
penona  aa  underatand  the  acope  ajkd  bearing  of  auch  a  law  of 
nature,  that  indiaputable  axiom  follows  at  •  matter  of  couree, 
which  Mr.  PuKy  thidu  Ibe  experimenli  of  Hr.  I*wM  hoe 
annihiUted  ;  for  it  simply  coincidea  with  the  &miliai  truth,  that 
a  pane  of  money  become!  empty  when  the  money  ia  taken  oot  of 
it  and  not  ntuned ;  or  that  a  man  maK  b«  reduced  to  poverty, 
who  eoDaudiei  hi>  captal  inilead  of  the  iutereit. 

The  problem  in  agriculture,  at  the  preient  day,  ii  no  longer  to 
iee1[  for  proota  of  tbii  tnith,  which  no  man  of  acienee  doubia ;  hut 
the  grand  object  ia  lo  eubititute  for  form-jard  manuie,  that 
nniieraal  food  of  planti,  itb  elementi  obtained  from  other  and 
cheaper  eoarcei,  retaining  its  full  etBcacy  ;  and  thii  can  only  be 
done  when  we  ihall  have  learned  what  aa  yet  we  know  but  impe^ 
fectly,  how  to  give  to  an  artificial  mixture  of  the  indiridnal 
ingndienta  the  mechanical  fbrm-and  chemical  qualitiea  eiaential  lo 
their  reception  and  to  their  nutritiTo  action  on  the  plant:  for 
withoat  this  form  they  cannot  perfectly  lupply  the  place  of  farm- 
yard manure.  All  our  laboun  moat  be  devoted  to  the  atlainment 
of  thia  important  olijcet. 

The  ni^ire  remit*  of  ezpeiimenti,  made  withont  the  guidance 
ofjoBt  principlei,  do  not  gun  In  value  by  their  mnltiplication ;  and 
miUionB  of  them  do  not  outweigh  one  inccessful  eiperiment,  if  the 
cauH  of  iU  niccew  be  recogniud  and  aicertained.  It  ig  perfectlj 
clear  that  tmisrplaintd  negative  tetulti,  or  ^urei,  if  they  are  to 
tone  aa  fbuoda^on  tor  an  opinion,  will  jield  proofi  the  more 
blilliant  and  etriking,  the  more  fooliebly  and  thoughtleMl]-  the 
experiments  have  been  made;  for  in  thin  case  their  lireconcileability 
with  the  opinion  which  they  are  to  refute,  ia  n  much  ihe  greater.  It 
il  cerlun  that  the  moll  accurate  kuowledge  of  mathematio  and  of 
the  lawt  of  phyiica  and  mechauici  doee  not  auffice  to  render  a  man 
an  engineer,  a  machine-maker,  or  an  astronomer ;  but  to  conclude 
Iram  thit  that  an  acqauntance  with  mathematicB,  with  the  force* 
which  produce  mechanical  motion,  and  with  the  !awa  of  itatiea 
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Bud  dTnamin  ii  utelcH  Tor  the  engiaetr,  tbe  Ttudiine-inaker,  tad 
tho  utTDDom«r,  ia  u  BbaUTd  u  it  would  be  to  ny  that  chemistrj' 
is  not  iiteful  at  atcttmrj  to  the  Bgrknltuiiit.  Tine  it  ie,  thu 
chemistr;  Is  oQly  then  uicful,  when  we  huve  &cquiicd  a  th(a«igii 
knowledge  of  thit  Kieace,  ud  tbit  it  ia  perfectlj  uwleu  to  thoK, 

Every  discoTery,  every  Improvement,  every  new  truth  in  Bciaw^ 
M  in  life,  hu  tmi  ordule  niRcemveij  to  piu  through.  Id  Uie 
fint  period  of  ita  eiiitence  it  ie  proved  th>.t  the  new  thing  it  not 
true  or  ef  no  value,  (let  ui  all  to  mind  the  drcutatioa  of  tbe 
blood,  gii»-light,  Hiw-poi,  iteuii-engineB,  &c.,  &C.).  After  it  hu 
fortunately  got  through  thit  period,  it  ii  neit  proved  th&t  the  new 
thing  is  not  new,  that  it  haa  been  long  known,  that  more  than  a 
hundred  jean  ago  there  were  people  enougli  who  knew  it  per- 
fectly. It  ia  only  to  the  ibird  period  that  Ihe  new  trudi  bean  iti 
fniitt.  The  truth,  on  which  Mr.  I^wei  haa  inflicted  the  dcKth- 
blow,  ia  yel  in  ili  first  itoge,  and  my  faith  in  it  ia  anch  aa  to  lead 
me  to  hope  that  I  may  1>e  permitted  to  live  to  aee  it  in  it*  necoiid 
and  third  stages.*  It  i>  Providence,  of  which  Sir  Robert  Peel 
wai  only  tbe  initniin est,  which,  by  the  abolition  of  tbe  com  lawi^ 
haa  Bent  to  the  agricuUuritta  of  EogUrxd  neceaaity,  tho  mother  of 
invention  and  of  progrem,  in  order  to  force  tbem  to  oveTeome  tho 
fear  und  repugnance  they  feel  towardi  leuming  what  i«  new.  Let 
.them  not,  hawerer,  deceive  thenuclvea  by  auppoaing  that  Ihej  can 

*  IdonatooHealhommyaelfthatthedlaeiedltlnlairiiiiAiibeeaiploy- 
nientst  Uu  oonadtnenl*  ol  Iht  aahea  of  plaata,  ti  manure,  marlkava 
UleB  [a  Bn^and,  arlaea  in  part  bom  the  tailnnaf  the  aihcalled  Patsnt 
UtBHal  Haaon.  It  wa*  Oi*  dlaoarar  of  a  new  and  remaikable  earn. 
pomd  of  wbonat*  of  potaill  wltll  earbcoate  of  lime,  which  led,  at  "  ~ 
time,  to  tile  Idea  of  tfi"  ■—««'•»—  -*  •»'*-  -.——       *.-■<  «*  — 
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CTer  attun  to  rtsl  im{iaranNit>,  lo  real  pregrew,  or  to  tbe  perfect- 
ing of  igricnllure,  DDleii  tiiay  acquire  thorough  uid  accurate 
kuowladge  of  ita  pHociplel.  If  the;  i»  not  fuinisbed  with  the 
capital  of  taenix,  thtj  wiU  only  mite  their  powen  ;  aoonar  or 
later  thej  must  mo  that  in  An  to  called  minenJ  theory,  in  ita 
detelapment  and  ultimate  perfection,  liei  the  whole  future  oF 
agriculture. 

I  know  that  eoeigetic  aud  ilgoroua  lace  of  men,  to  which  in  ita 
kind  no  other  con  be  compared,  the  Engliih  7eoniant7,  and  the 
irondera  which  ihey  have  accompliihed  bj  indnitry,  eiertion  and 
pertevenmce.  When  the  Engliih  &nner  haa  acquired  the  iuught 
which  ia  atill  wanting,  bia  iron  will,  atrengthened  b;  big  motto, 
"  Through,"  will  conquer  all  the  obataclea  lAich  exist  between 
him  and  the  light  of  adence ;  and  when  that  time  comei.  Great 
Britain  will  probablj  ceaae  to  import  com.  There  ia  no  want 
of  land  or  cafHtaL  The  agriculturiat  muat  no  longer  calculate 
on  protection ;  the  time  ii  paat  when  the  atate  ought  to  show  or 
could  ahow  him  an;  favour.  When  tlie  atate  ii  ahaken  to  ita 
fouudationa  b;  internal  or  external  CTeota,  nbeu  commerce, 
induBtff,  and  all  tiadea  ahall  be  at  a  stand,  and  perbapi  on 
the  brink  of  ruin  \  when  the  property  and  fortnnea  of  all  are 
ahaken  or  changed,  and  the  inhabitanta  of  towna  looV  forward  with 
diead  and  iwrebeueiau  lo  tbe  biture,  then  tbe  agriculluiiat  holda 
in  hia  hand  the  key  lo  the  money  cheit  of  the  ricb^and  the  aavinga- 
>oi  of  the  poor ;  for  political  eTenta  have  not  the  alightest  influen<» 
on  the  natural  law,  which  forcea  man  to  talce  into  bia  tjatem,  daily, 
a  certain  number  of  ouncea  of  cuboa  and  nilrogen.  Thia  ia 
proteclion  enough,  Whalever  elae  the  agricultuiiat  requlrea,  ha 
muat  End  for  bimaelf. 
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LETTEEXISI. 

Hating,  in  several  of  the  foregoing  letters,  attempted 
to  lay  before  you  my  viewa  concerning  the  different 
kinds  of  food,  and  de  purposea  which  thej  hate  to 
fulfil  in  the  animal  organiaro,  let  me  now  direct  yoer 
attention  to  a  scarcely  lew  iDteresUng  and  eqoallj 
important  subject — the  meaiu  of  obtaining,  from 
a  given  surface  of  the  earth,  the  largest  amoDDl 
of  produce  adapted  to  the  food  of  man  and  animals- 
Agriculture  IB  both  a  Bcience  and  an  art.  The 
knowledge  of  all  the  condiUooe  of  the  life  of  tegt- 
tablea,  the  origin  of  their  elementa,  imd  the  sonreat 
of  their  nourishment,  forma  its  scientific  baats. 

From  tbia  knowledge  we  derive  certain  rules  for 
the  exercise  of  the  ast,  the  principles  upon  which 
the  mecbuucal  operations  of  farming  depend,  tb* 
oaefiilneBe  or  necessity  of  these  for  preparing  the  aoi 
to  support  the  growth  of  planta,  and  for  remonog 
every  obnoiious  influence.  No  experience,  drairs 
from  the  exercise  of  the  art,  can  be  opposed  to  true 
Bcieuti&c  priocipies,  because  the  latter  should  include 
all  the  results  of  practical  operations,  and  are  in  some 
instances  solely  derived  tjierefrom.  Theory  must 
correspond  with  experience,  because  it  is  nothing 
more  than  the  reduction  of  a  series  of  phenomena  to 
their  last  causes. 

A  field  in  which  we  cultivate  the  same  plant  fer 
several  successive  years  becomes  barren  for  that 
plant  in  a  period  varying  with  the  nature  of  the  soil : 
m  one  field  it  will  be  in  three,  in  another  in  seven,  in 
a  third  in  twenty,  in  a  fourth  in  a  hundred  years. 
One  field  bears  wheat,  and  no  peas  ;    another  beani 
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or  tnniipB,  bat  no  tobacco  ;  a  third  gives  B  plentiiiil 
crop  of  tarnipi,  but  will  not  bear  clover.  What  is 
tb«  reason  that  a  field  Iomb  its  fertility  ftr  one  plant, 
the  same  which  at  first  flouriahed  there  f  What  ia 
the  reason  one  kind  of  pbwt  laceeeds  in  a  field  where 
another  full  1 

7%«H  quMtiotu  belong  to  Science. 
What  means  are  neceaaar;  to  preserve  to  a  field  its 
fertilitj  for  one  and  the  ume  plant? — what  to  render 
one  field  fertile  for  two,  for  three,  for  all  plants  ? 

Th«ie  last  quMtiont  areput  (y  Art,  (h<  they  cannot 
be  €miwer«d  by  Art. 

If  a  farmer,  withont  the  ^dance  of  juat  scientific 
prinoiplea,  is  b^ing  experiments  to  render  a  field 
fertile  for  a  plant  which  it  otherwise  will  not  bear, 
his  prospect  of  socoets  is  very  small.  Thonsands  of 
fiumers  try  snch  experiments  in  rnrious  directions, 
the  result  of  which  is  a  mass  of  practical  experience 
forming  a  method  of  cultivation  which  aecomplisheB 
the  desired  end  for  certain  places ;  but  the  same 
method  frequently  does  not  succeed,  it  indeed  ceases 
to  be  applicable  to  a  second  or  third  place  in  the 
immediate  neighbourhood.  How  large  a  capital,  and 
bow  much  power,  are  wasted  in  these  experiments ! 
Tory  difierent,  and  far  more  secure,  is  the  path 
indicated  by  soience  ;  it  exposes  na  to  no  danger  <^ 
failing,  but  on  the  contrary,  it  famishes  us  wiUi 
ererj  guarantee  of  success.  If  the  cause  of  failore— 
of  barrenness  in  the  soil  for  one  or  two  plants — has 
been  discovered,  means  to  remedy  it  may  readily  be 

The  most  exact  ohservadons  prove  that  the  method 
of  cultivation  must  vary  with  the  geognoatieal  eon- 
dition  of  the  substnl.  In  basalt,  graywacke,  porphyry, 
sandstone,  limestone,  be.,  are  certain  elements  india> 
pensable  to  the  growth  of  plants,  and  the  presenoe 
of  which  renders  die  soil  fertile.  This  fully  explains 
the  difference  in  the  necessary  methods  t^  culture  for 
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different  places  ;  unce  it  is  obTiouB  that  the  eBsential 
elenientB  of  the  eoii  muat  very  with  the  rarieties  trf 
composition  of  the  rocka,  from  Hie  disintegration  of 
which  thej  originated. 

Wleat,  clover,  turnips,  for  example,  each  reqaire 
certain  elements  from  the  soil;  they  will  not  flonrish 
where  the  appropriate  elements  are  absent.  Science 
teaches  ns  what  elements  are  essential  to  eTcrj 
species  of  plant«  by  an  analysis  of  their  ashes.  If 
therefore  a  soil  is  found  wanting  in  any  of  thoae 
elements,  we  discover  at  once  the  cause  of  its  hairen- 
neea,  and  its  removal  may  now  be  readily  accom- 
plished. 

The  empirio  attributes  all  hii  success  to  the 
mechanical  operations  of  agriculture ;  he  experiences 
and  recognises  their  value,  without  inquiring  what  are 
the  causes  of  their  utility ;  their  mode  of  action :  and 
yet  this  scientific  knowledge  is  of  the  highest  import- 
ance for  regulating  the  application  of  power  and  the 
ezpenditore  of  capital, — for  ensoring  its  economical 
expenditure  and  the  prevention  of  waste.  Can  it  be 
imagined  that  the  mere  passing  of  the  plcogh- 
diare  or  the  harrow  through  the  soil — the  mere 
contact  of  the  iron^^can  impart  fertility  as  by  a 
diarm  }  Nobody,  perhaps,  seriously  entertains  such 
an  opinion.  Nevertheless,  the  modiu  operandi  of 
these  mechanical  operations  is  by  no  means  generally 
understood.  The  fact  is  qjiite  certain,  that  careful 
ploughing  exerts  the  most  faTOorabte  influence  :  the 
surface  is  thus  mechanically  divided,  changed,  in- 
oreased,  and  renovated  ;  but  the  ploughbg  is  only 
auxiliary  to  the  end  sought. 

Among  the  effects  of  time,  in  what  in  Agriculture 
are  technically  called  /aUoiof— the  repose  of  the 
fields — are  included  by  science  certain  chenucal 
actions,  which  are  continually  exercised  by  the 
elements  of  the  atmosphere  upon  the  whole  surfoce 
c^  our  globjr    By  the  action  of  its  oxygen  and  ita 


c.an:a(,GoOgk 


ORIQIN  OF  FERTILITY  IN  SOILS.  487 

carlionic  acid,  aided  by  water,  nun,  changes  of 
temperature,  &c.,  certain  elementaiy  constituents  of 
rocks,  or  of  their  roina,  which  form  the  soil  capable 
of  calUration,  ace  rendered  soluble  in  water,  and 
eonsequentlj  become  separable  from  oil  their  insoluble 
parts. 

These  chemical  actions,  poetically  denominated  the 
"tooth  of  time,"  destroy  all  the  works  of  man,  and 
gradually  reduce  the  hardest  rocks  to  the  condition 
of  dust.  By  their  influence  the  necessary  elements 
of  the  soil  become  fitted  for  assimilation  by  plants  ; 
and  it  is  precisely  this  end  which  is  obtained  by  the 
mechanical  operations  of  farming.  They  accelerate 
the  decomposition  of  the  soil,  in  order  to  provide  a 
new  generation  of  plants  with  the  necessary  elements 
in  a  condition  faTourable  to  their  assimilation.  It  is 
obvious  that  the  rapidity  of  the  decomposition  of  a 
solid  body  must  increase  with  the  extension  of  its 
surface  ;  the  more  points  of  contact  we  offer  in  a 
given  time  to  the  external  chemical  agent,  the  more 
rapid  will  be  its  action. 

The  chemist,  in  order  to  prepare  a  mineral  for 
analysis,  to  decompose  it,  or  to  increase  the  solubility 
of  its  elements,  proceeds  in  the  same  way  as  the 
farmer  deals  with  bis  fields — he  spares  no  labour  in 
order  to  reduce  it  to  the  finest  powder;  he  separates 
.  the  impalpable  from  the  coarser  parts  by  washing, 
and  repeats  his  mechanical  bruising  and  trituration, 
being  assured  his  whole  process  will  fail  if  he  is 
inattentive  to  this  essential  and  preliminary  part 
of  it. 

The  influence  which  the  increase  of  snrfaoe  exercises 
upon  the  disintegration  of  rocks,  and  upon  the  chemical 
action  of  air  and  moisture,  is  strikingly  illustrated 
upon  a  large  scale  in  the  operations  pursued  in  the 
gold-mines  of  Yaqnil,  in  Chili.  These  are  described 
in  a  very  iot^restuig  manner  by  Darwin.  The  rock 
containing  the  gold  ore  is  ponnded  by'lnills  into  the 


caniMovCoO'^lt^ 


1S8  LETTBRS  ON  CHEUISTBY. 

finest  powder ;  this  is  enbjected  to  wa^^ing,  wlii^' 
separates  the  lighter  particleB  from  the  metftllie  ;  the 
gold  links  to  the  bottom,  while  t  streun  of  wst^ 
carries  away  the  lighter  earthy  parts  into  ponds, 
where  it  subsides  to  the  botUint  aa  mud.  When  tbia 
deposit  lias  gradually  filled  up  the  pond,  this  mod  ■■ 
tasen  out  a^  piled  in  he^s,  and  left  eiposed  to  (ba 
aclJon  of  the  abnosphere  and  moiatore.  The  waahing^ 
completely  remoTos  all  the  sohiUe  part  of  the  dia- 
integrated  rock ;  the  insidnbls  part,  moreorer,  cannot 
undergo  any  further  ohange  white  it  is  corwed  with 
water,  and  so  excluded  from  the  influeuce  of  the 
atmosphere  at  the  bottom  of  the  pond.  But  b«ng 
exposed  at  once  to  the  air  and  to  moisture,  a  powerful 
chemical  action  takes  plaee  throughout  the  wh^ 
mass,  which  becomes  indicated  by  an  efflorcecence  of 
salts  covering  the  whole  surface  of  the  heaps  in  oen- 
siderable  quantity.  After  being  exposed  for  two  or 
three  years,  the  mud  is  agun  subjected  to  the  saOM 
process  of  washing,  and  a  considerable  quantity  of 
gold  ia  obtained,  this  having  been  separated  by  the 
chemical  process  of  deoompoeition  is  the  mass.  The 
exposure  and  washing  of  the  same  mud  is  repeated 
ux  or  seren  ^mes,  and  at  every  washing  it  fumishea 
a  new  quantity  ttf  gM,  although  its  amount  dinunishca 
every  time. 

Precisely  airatlar  is  the  chemical  action  which  takes 
place  in  the  soil  of  our  fields ;  and  we  accelerate  and 
increase  it  by  the  mechanical  operations  of  agriculture. 
By  these  we  divide  and  extend  the  sorface,  and 
endeavour  to  make  every  atom  of  the  soil  accessible 
to  the  action  of  the  carbonic  acid  and  oxygen  of  tbe 
atmosphere.  We  thus  produce  a  stock  of  soJnble 
mineiul  Bubstanees,  which  serve  as  nourishment  to  a 
new  generation  of  plants,  materials  which  are  indis- 
pensable lo  tbeir  growth  and  prosperity. 
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LETTER  XXXn. 

HATtHfi  in.  my  Ust  letter  spoken  of  the  gener&I 
principles  upon  vhicli  the  science  and  art  of  agri- 
culture must  be  based,  let  ma  now  direct  jour  Attention 
to  tome  of  thoie  parlical&ra  which  nill  miffe  forcibly 
exhibit  the  eonueiion  between  cbemiatry  and  agri- 
euiture,  and  demonstrate  the  iraposaibility  of  perfecting 
the  important  art  of  rearing  fooid  for  man  and  animals, 
without  a  profound  knowledge  of  onr  seiwce. 

AH  plants  cultirated  aa  food  require  for  their 
healthy  sustenance  the  alkalies  and  tJkaJiae  earths, 
saoh  in  a  certain  proportion ;  and  in  additi<m  to  these, 
the  cerealia  do  not  succeed  in  a  soil  destitute  of  iilic(t 
in  a  eolubls  condition.  The  combinations  of  this  sub- 
stance found  as  natural  productions,  namely,  the 
silicates,  differ  greatly  in  tha  degree  of  facility  with 
which  they  undergo  decompositiw,  in  consequence 
ol  the  unequal  resistance  opposed  by  their  integral  parts 
to  the  dissolring  power  of  the  abnoapheric  agencies. 
Thus  the  granite  of  Cwsica  degenerates  into  a  powder 
in  a  time  which  scarcely  suffices  to  deprive  the  polished 
granite  of  Heidelberg  of  its  lustre. 

Some  soils  abound  ho  mn<^  in  readily  decomposable 
silicates,  that,  after  every  one  or  two  years,  as  much 
silicate  .ef  potash  has  become  soluble  and  fitted  for 
asiimilstioii  as  is  reqnired  by  the  leaves  and  straw  of 
a  crop  of  wheat.  In  Hungary,  eitenuve  districts  an 
*  not  uncommon  where  wheat  and  tobacco  have  been 
grown  alternately  upon  the  same  soil  for  centuries, 
tiie  land  never  receiving  hack  any  of  those  mineral 
elements  which  were  withdrawn  in  the  grain  and 
leaves.     On  the  other  hand,  there  are  fields  in  which 
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the  necesaar;  araonnt  of  soluble  silicate  of  potaah  for 
a  single  crop  of  wheat  is  not  separated  from  the  inso- 
luble masses  in  the  soil  in  leu  than  two,  three,  or  erea 
more  years. 

The  term  fallow),  in  agriculture,  designatea  that 
period  in  which  the  soil,  left  to  the  influence  of  the 
atmosphere,  becomes  enriched  with  those  soluble 
mineral  constituents.  Fallow,  howerer,  does  not 
generally  imply  an  entire  cessation  of  cultivation,  bat 
only  an  interral  in  the  growth  of  the  cerealia.  That 
Btoro  of  soluble  silicates  and  alkalies  which  is  the 
principal  condition  of  their  success,  is  obtained  if  poti^ 
toes  or  turnips  are  grown  upon  the  same  fields  in  the 
intermediate  periods,  unce  these  crops  do  not  abstract 
a  particle  of  silica,  and  therefore  leave  the  field  equally 
fertile  for  the  following  crop  of  wheat. 

The  preceding  remarks  will  render  it  obvioua  to  yon, 
that  the  mechanical  working  of  the  soil  is  the  simplest 
and  cheapest  method  of  rendering  the  elements  c^ 
nutrition  contained  in  it  accessible  to  plants. 

But  it  may  be  asked,  "  Are  there  not  other  means 
of  decompo»ng  the  soil  besides  its  mechanical  sabdi- 
Tinon  ? — Are  there  not  substances,  which,  by  their 
chemical  operation,  will  equally  well,  or  better,  render 
its  constituents  suitable  for  entering  into  vegetable 
organisms  ?  "  Tes  ;  we  certainly  possess  such  sub- 
stances, and  one  of  them,  namely,  qaieh-lijne,  has 
been  employed  for  a  century  past  in  England  for  this 
purpose  ;  and  it  would  be  difficult  to  find  a  substance 
better  adapted  to  this  service,  as  it  is  simple,  and  in 
almost  all  localities  cheap  and  easily  accessible. 

In  order  to  obtain  correct  views  respecting  the 
effect  of  quick-lime  upon  the  soil,  let  me  remind  you 
of  the  first  process  employed  by  the  chemist  when  he 
is  desirous  of  analysing  a  mineral,  and  for  this  purpose 
wishes  to  bring  its  elements  into  a  soluble  state.  Let 
the  mineral  to  be  examined  be,  for  instance,  felspar  ; 
this  substance,  taken  alone,  even  when  rednced  to  the 
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finest  powder,  requires  for  its  solution  to  be  treated 
with  Ml  acid  for  weeks  or  months  ;  but  if  we  first  mil 
it  with  quick-lime,  and  expose  the  mixture  to  a  mode- 
rateljr  strong  heat,  the  lime  enters  into  chemical  com- 
bination with  certain  elements  of  the  felHpar,  and  ite 
alkali  (potaee)  is  set  free.  And  now  the  acid,  even' 
without  heat,  dissoWes  not  only  the  lime,  but  also  so- 
mnch  of  the  tiUca  of  the  felspar  as  to  form  a  trans- 
parent  jelly.  The  same  eSect  which  the  lime  in  this 
process,  with  the  aid  of  heat,  exerts  npon  the  felspar, 
it  produces  when  it  is  mixed  with  the  alkaline  argilla- 
oeouB  silicates,  and  they  are  for  a  long  time  kept 
together  in  a  moist  state. 

Common  potters'  clay,  or  pipe-clay,  diffused  through 
water,  and  added  to  milk  of  lime,  thickens  immediately 
upon  mixing ;  and  if  the  mixture  be  kept  for  some 
months,  and  then  treated  with  acid,  the  clay  becomes 
gelatinons,  which  would  not  occur  without  the  admix- 
ture with  the  lime.  The  lime,  in  combiaing  with  the 
elements  of  the  clay,  renders  it  soluble  ;  and,  what  is 
more  remarkable,  Uberates  the  greater  part  of  its 
alkalies.  These  interesting  facts  were  first  observed 
by  Fuchs,  at  Munich ;  they  hare  not  only  led  to  a 
more  intimate  knowledge  of  the  nature  and  properties 
of  the  hydraulic  cements,  but,  what  is  far  more  im- 
portant, they  explain  the  effects  of  caustic  lime  upon 
the  soil,  and  guide  the  agriculturist  in  the  application 
of  an  iuTaluable  means  of  rendering  it  soluble,  and 
setting  free  its  alkalies, — substances  so  important, 
nay,  so  indispensable  to  his  crops. 

In  the  month  of  October,  ^le  fields  of  Yorkshire 
and  Herefordshire  look  as  if  they  were  covered  with 
snow.  Whole  square  mile^  are  seen  whitened  over 
with  quick-lime,  which,  during  the  moist  winter 
months,  ezereises  its  beneficial  influence  upon  the 
stiff  clay  soil  of  those  counties. 

According  to  the  now  abandoned  humua  theory, 
quick-lime  ought  to  exert  the  most  noxious  influence 
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upon  the  swl,  bemiue  all  orgBnie  matters  eootained 
in  it  are  deitrojed  by  lime,  and  rendered  incapable  of 
yieldiDg  their  hnmns  to  a  nev  vegetation.  The  facta 
are  indeed  directly  oontrarj  to  this  na>w  abandoned 
theoiy ;  the  fertilitj  of  the  seal  for  the  cerealia  ia 
inoreaaed  bj  the  lime.  The  cerealia  reqiure  the 
alkaliet  and  aoluble  ulioatea,  which  the  action  of  the 
lime  renders  fit  for  asrimilation  bj  the  plants.  If,  in 
additimi  to  these,  there  is  any  decaying  orgama 
matter  present  in  the  soil  stipplying  carbonic  acid,  it 
may  facilitate  their  development ;  but  it  is  not  eaaen- 
tial  to  th^r  growth.  If  we  fiirnish  the  atnl  with 
ammonia,  and  the  phosphates  which  are  indiipenaable 
to  the  cerealia,  with  the  alhalioe  lilieBtes,  we  have  all 
the  conditions  necessary  to  insure  an  abundant  harreat. 
The  atmosphere  is  an  ioexbaQStible  store  of  carbonie 
acid. 

A  no  less  favoarable  Inflnenoe  than  that  of  lime  ia 
exercised  upon  the  soil  of  peaty  land  by  the  mere  act 
of  burning  it.  This  greatly  enhances  its  fertility.  We 
have  not  long  been  acquainted  with  the  remarkable 
ehangewhich  the  properties  of  clay  undergo  byboming. 
The  obseiTstion  was  first  made  in  the  process  of  ana- 
lysing  the  clay  silicates.  Many  of  these,  in  their 
natural  state,  are  not  acted  on  by  acids,  but  they 
become  perfectly  soluble  if  heated  to  redness  before 
the  application  of  the  acid.  This  property  belonga 
to  potters'  clay,  pipe-day,  loam,  and  many  different 
modifications  of  day  in  soils.  In  thdr  natural  state 
they  may  be  hotted  in  ooncentrated  sulphuric  aoid, 
without  sensible  change  ;  but  if  gently  calcined,  aa  is 
done  with  the  pipe-day  in  many  alum  manufactories, 
they  dissolve  in  the  aoid  with  the  greatest  facility,  the 
contained  silica  being  separated  hke  a  jelly  in  a  solu- 
ble state.  Potters'  clay  bdongs  to  the  most  sterile 
kinds  of  soil,  and  yet  it  contuns  within  itself  all  tha 
constituent  elements  essential  to  a  most  luxurious 
growth  of  plants  ;  but  their  mere  preaence  ia  iunffi- 
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cient  to  SMore  iba  end.  The  soil  must  be  Mcmaible 
to  the  Atmosphens,  to  its  ox7geii,  to  its  oarboQie  acid ; 
these  most  penetrate  it,  in  order  to  secure  the  otwdi- 
tioDs  neeessary  to  a  Lapp;  and  vigorous  development 
<^  the  roots.  The  elements  present  must  be  brought 
into  that  peculiar  state  of  combination  which  will 
enable  them  to  enter  into  plants.  Plastto  clay^  is 
wanting  in  tliese  properties  ;  but  they  are  imparted 
to  it  by  a  gentle  ooloination. 

At  Hordwicke  Court,  n^or  Gloucester,  I  have  seen 
&  garden  (Ur,  Baker's)  consisting  of  a  stiff  clay,  which 
was  perfectly  sterile,  become,  by  mere  burning,  ex- 
tremely fertile.  The  operaUon  was  eiteoded  to  a  depth 
of  three  feet.  This  was  an  expensive  process,  oer- 
tainly  ;  but  it  was  effectual. 

The  great  difference  in  the  properties  of  burnt  and 
nubnmt  clay  is  illnstrated  by  what  is  seen  in  brick 
houses  built  in  moist  situatHns.  In  tiie  towns  of 
Flandere,  for  instance,  where  most  buildings  are  of 
brick,  effl<Hrescences  of  salts  cover  the  surfaces  of  the 
walls,  like  a  white  crust,  within  a  few  days  after  they 
ore  erected.  If  this  saline  incrustation  is  washed 
away  by  the  rain,  it  soon  re-oppears  ;  and  this  is  eren 
obs^ed  on  walls  which,  like  the  gateway  of  Lisle, 
have  stood  for  centuries.  These  s^e  incmstalionB 
consist  of  carbonates  and  sulphates,  with  alkaline 
bases  ;  and  it  is  well  known  these  act  an  important 
part  in  vegetation.  The  influenee  of  lime  in  their 
production  is  manifested  by  their  appearing  first  at  the 
place  where  the  mortar  and  brick  come  into  contact. 

It  wilt  now  be  obvioua  to  you,  that  in  a  mixture  of 
day  with  lime,  all  the  conditions  exist  for  the  decom- 
position of  the  silicated  clay,  and  the  rendering  aolnblo 
of  the  alkaline  silicates.  The  lime  gradually  disBcdr- 
ing  in  water  charged  with  carbonic  acid,  acts  like 
milk  of  lime  upon  the  clay.  This  explains  also  the 
favourable  influence  whieh  marl  (by  which  term  aU 
those  Torietie*  tJ  clay  ridi  in  lime  are  designated) 
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exerts  upon  moat  kinds  of  soil.  There  are  marly  boiIb 
irhich  surpass  all  ethers  in  fertility  for  all  kinds  of 
plants ;  but  I  believe  marl  in  a  burnt  state  must  be 
far  more  etfective,  as  well  as  other  materials  possesa* 
ing  a  similar  compoHition ;  as,  for  instance,  those 
species  of  limestone  wbicb  are  adapted  to  the  prepara- 
tion of  bydraulio  cements, — for  these  carry  to  die  soil 
not  only  the  alkaline  baaes  nseful  to  plants,  but  &]ao 
silica  in  a  state  capable  of  assimiladon. 

The  ashes  of  coals  anS  lignite  are  also  excellent 
moans  of  ameliorating  the  soil,  and  they  are  used  in 
many  places  for  this  purpose.  Tbe  most  suitable  may 
be  readily  knoim  by  their  property  of  forming  a 
gelatinous  mnss  when  treated  with  acids,  or  by  becom- 
ing, when  mixed  with  cream  of  lime,  like  hydraulic 
cement, — solid  and  bard  as  stone. 

I  hare  now,  I  trust,  explained  to  your  satisfaction, 
that  the  mecbanioal  operations  of  agriculture — tbe 
application  of  lime  and  chalk  to  lands,  and  tbe  burn- 
ing of  clay — depend  upon  one  and  the  same  Bcienti6c 
principle:  they  are  means  of  accelerating  the  decom- 
powtion  of  the  alkaline  clay  silicates,  in  order  to 
proTide  plants,  at  the  beginning  of  a  new  vegetation, 
with  certain  inorganic  matters  indispeDsable  for  their 
nutrition. 


tBTTER  XXXm. 


I  TREATED,  in  my  last  letter,  of  tbe  means  of  impcor- 
ing  the  condition  of  the  soil  for  agricultural  purpoeet 
by  mechanical  operations  and  mineral  agents.  I  have 
now  to  speak  of  the  uses  and  effects  of  animal  exnnK, 
and  vegetable  matters  or  manuret — properly  ao  called. 
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In  order  to  nnderstand  the  nature  of  these,  and  the 
peculiarity  of  their  influence  upon  our  fields,  it  is 
highlj  important  to  keep  in  mind  the  Murce  whence 
thej  are  derived. 

It  is  generally  known,  that  if  we  deprive  an  animal 
of  food,  the  weight  of  its  body  diminishes  during  e^ery 
moment  of  its  etistenee.  If  this  abstinence  is  con- 
tinued for  some  time,  the  diminution  becomea  apparent 
to  the  eye ;  ail  the  fat  of  the  body  disappears,  the 
muscles  decrease  in  size  and  finally  disappear,  and, 
if  the  animal  ia  allowed  to  die  starred,  scarcely  any- 
thiog  but  skia,  tendon,  and  bones  remain.  This 
emaciation,  which  occurs  in  a  body  otherwise  healthy, 
demonstrates  to  us,  that  during  the  life  of  an  animal 
every  part  of  ita  living  anbatanco  ia  undergoing  a  per- 
petual change;  all  ita  component  parts,  assuming  the 
form  of  lifeless  compounds,  are  thrown  off  by  the  skin, 
lungs,  and  urinary  system,  altered  more  or  less  by 
the  secretory  organs.  This  change  in  the  liring  body 
ia  intimately  connected  with  the  procesa  of  respira- 
tion ;  it  is,  in  truth,  occasioned  by  the  oxygen  of  the 
atmosphere  in  breathing,  which  combines  with  all  the 
various  matters  within  the  body.  At  every  Inapin^ 
tion  a  quantity  of  oxygen  passes  into  the  blood  in 
the  lungs,  and  unites  with  ita  elements ;  but  although 
the  weight  of  the  oxygen  thus  daily  entering  into  the 
body  amounts  to  32  or  more  ounces,  yet  the  weight 
of  the  body  is  not  thereby  increased.  Exactly  as 
much  oxygen  as  is  imbibed  in  inspiration  passes  off  in 
expiration,  in  the  form  of  carbonio  acid  and  water ;  so 
that  with  every  breath  the  amount  of  carbon  and 
hydrogen  in  the  body  is  diminished.  But  the  emacia- 
tion—the loss  of  weight  by  starvation — does  not 
simply  depend,  upon  the  separation  of  the  carbon  and 
hydrogen ;  for  all  the  other  substances  which  are  in 
combination  with  these  elements  in  the  liring  tissues 
pass  off  in  the  secretions.  The  nitrogen  undergoes 
a  change,  and  is  thrown  out  of  the  systent  by  the 
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kidneja.  Thmr  leoretioB,  the  orine,  oontaiiiB  not  only 
ft  oomponnd  rich  in  nitrogen,  namelj  nrea,  but  tlM 
•nl{^urof  thetiuueB  ia  the  form  of  a  Bulphate,  klltfaa 
soluble  esltg  of  the  blood  and  animal  floida,  eamnum 
Bait,  the  phosphates,  soda,  and  potash.  The  oarboB 
and  hydrogen  of  the  blood,  of  the  musoular  fibre,  and 
of  all  tile  aoimal  tisaneB  irhich  cau  undergo  change, 
return  into  iho  atmotj^ere.  The  nitn^ien,  and  all 
the  aduble  inorganic  elementa,  are  oanied  to  tbs 
etuiA  in  the  uriua. 

Tbete  changes  take  place  in  the  healthy  animal 
body  during  eveiy  moment  of  life ;  a  waste  and  loaa 
of  substance  proceeds  continually ;  and  if  this  loaa  is 
to  be  restored,  and  the  original  weight  and  subatanee 
repaired,  an  adequate  supply  of  materials  must  be 
furnisbed,  from  whence  the  blood  and  wasted  tissuea 
may  be  regenerated.  This  s^ply  is  obtained  fmm 
the  food. 

In  an  adult  person  in  a  normal  or  healthy  oMiditiao. 
no  sensible  increase  or  decrease  of  weight  occurs  from 
day  to  day.  In  youth  the  w^ght  of  the  body  ioi- 
creasee,  whilst  in  old  age  it  decreases.  There  oaa  be 
no  doubt  that,  in  the  adult,  the  food  has  exactly 
replaced  the  loss  of  substance  :  it  has  sullied  just  so 
much  carbon,  by drogen,  nitrogen,  and  oUier  elementa, 
as  hare  passed  through  the  skin,  lungs,  and  urinary 
organs.  In  youth  tiw  supply  is  greater  than  tlw 
waste.  Part  of  the  elements  of  tiie  food  remain  to 
augment  the  bulk  of  the  body.  In  old  age  the  waato 
is  greater  than  the  supply,  and  the  body  dimitusbca. 
It  is  nnqueetiouable,  that,  with  the  exeeptian  of  a 
certun  quantity  of  carbon  and  hydrogen,  which  are 
secreted  through  the  skin  and  lungs,  we  obtain,  in 
the  solid  and  fluid  excrements  of  man  and  ■'vrff^l*, 
all  the  elements  of  their  food. 

We  obtain  daily,  in  the  form  of  urea,  all  the  mtro- 
gen  taken  in  the  food,  both  of  the  young  and  the 
adult ;  and  further,  in  the  urin^  the  whole  amount  of 
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tlie  allalies,  soluUe  pboephaies  and  suIpIiateB,  con- 
t&ined  in  all  the  Tuiona  alimeDtB.  In  the  eolid  excr&- 
mente  are  found  ft  number  ot  subst&ncea  teken  in  the 
food,  irhioh  bare  undergone  no  alteration  in  the 
digestiTe  orgaoi,  all  indig«itible  matten,  sueb  as 
woodj  fibre,  die  green  colouring  matter  of  leares 
(chlorophylle),  wax,  &e. 

Pbysiologj  teaches  ue,  Uiat  the  process  of  nutrition 
in  animala,  that  ia,  their  increase  of  bulk,  or  the 
restoration  of  wasted  parts,  proceeds  from  the  blood. 
The  purpose  of  digestion  and  aasimilation  ia  to  con- 
vert ^0  food  into  blood.  In  the  stomach  and  intes- 
tines, therefore,  all  tboae  tubBtanoea  in  the  food 
capable  of  convereion  into  blood  are  separated  fr(»a 
ita  other  conatituents ;  in  other  words,  daring  the 
passage  of  the  food  through  the  intestinal  canal  there 
ia  a  oonatant  abaorption  of  its  nitrogen,  since  onlj 
Bzotised  sabatancea  are  capable  of  conversion  into 
blood;  and  therefore  the  aolid  excrements  are  desti- 
tute of  that  element,  except  onlj  a  small  portion,  in 
the  constitution  <tf  that  secretion  which  is  formed  to 
facilitate  their  passage.  With  the  solid  excrements, 
the  phonihates  of  hme  and  magnesia,  which  were 
contained  in  the  food  and  not  Msimilated,  are  carried 
off,  these  saJts  being  inscJuble  in  water,  and  therefore 
not  entering  the  urine. 

We  may  obtain  a  clear  insight  into  the  chemical 
constitution  of  the  solid  excrements  without  further 
investigation,  hj  comparing  the  fraces  of  a  dog  with 
bis  food.  We  give  that  animal  flesh  and  bones — 
BobstaneeB  rich  in  azotised  matter— and  we  obtain, 
as  the  last  product  of  ita  digeation,  a  perfectly  white 
eiorement,  solid  while  moist,  but  becoming  in  dry  air 
a  powder.  This  ii  the  phosphate  of  lime  of  the  bones, 
with  scarcely  one  per  cent,  of  foreign  organic  matter. 

Thus  we  see  that  in  the  solid  and  fluid  excrements 
of  man  and  animals,  all  the  nitrogen — in  short,  all 
the  constituent  ingredients  of  the  consumed  food. 
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Bolable  and  inBolnble,  are  returned  ;  and  as  food  i> 
primarily  derived  from  the  fields,  we  possess  in  tboM 
excrements  all  the  injp^enta  nliich  we  have  taken 
from  it  in  the  form  of  seeds,  roots,  or  herbs. 

One  part  of  the  crops  employed  for  fattening  afaeep 
and  cattle  is  consumed  bj  man  as  animal  food; 
another  part  is  taken  direotlj — as  flour,  potatoes, 
green  vegetables,  &c, ;  a  third  portion  consists  of 
Tegetable  re&se,  and  atrew  employed  as  litter. 
2f  one  of  the  materials  of  tiio  soil  need  be  lost.  We 
«aa,  it  is  obriovis,  get  back  all  its  conatitnent  parts 
wbich  haTe  been  withdrawn  therefrom,  aa  fruits, 
grain,  and  animals,  in  the  fluid  and  solid  excrements 
of  man,  aod  the  bones,  blood,  and  skina  of  the 
slaughtered  enimals.  It  depends  upon  ourselTes  to  col- 
.  lectcarefiilljall  these  scatteredelements,and  to  restore 
the  disturbed  equilibrium  of  composition  in  the  soil. 
We  can  calculate  eiactly  how  much  and  which  of  the 
component  parts  of  the  soil  we  export  in  a  sheep  or 
an  ox,  ia  a  quarter  of  barley,  wheat,  or  potatoes,  and 
we  can  discover,  from  the  known  composition  of  the 
excrements  of  man  and  animals,  how  much  we  have 
to  supply  to  restore  vhat  is  lost  to  our  fields. 

If,  howoTor,  we  could  procure  from  other  sources 
Iho  substances  which  give  to  the  eiuTira  of  man  and 
animals  their  value  in  agriculture,  we  should  not 
need  the  latter.  It  is  quite  indifferent  for  our  pur- 
pose whether  we  supply  the  ammonia  (the  source  of 
nitrogen)  in  the  form  of  urine,  or  in  that  of  a  salt 
derived  from  coal-tar  ;  whether  we  derive  the  phos- 
phate of  lime  from  bones,  apatite,  or  fosul  ezcre^ 
jnenta  (the  coprolites)." 

•  Wb«ii  Dr.  Dftubetiy  (Pnfenor  in  Oxford,  ImawD  hj  hh 
dittinguulud  work  on  Tolcuioei,)  btA  conTinced  himHif,  bj  ■ 
MTi»  oF  hit  own  eijHsrimiuU,  of  lh«  uK  ud  die  imporuaee  of 
photpluite  of  lime  for  vegeudon,  hie  ittleDtion  turned  to  the  utim- 
■iro  formttian  of  pholph>t«  of  lion,  whicb,  ucording  ta  mpcctaUa 
BDthon  on  minenlog;,  occun  in  Mma  put!  of  the  Sfuiih  prorioe* 
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-  The  principal  jHvblem  for  agriculture  is,  bow  to 
replace  those  substances  wbiob  have  been  token  from 
the  soil,  and  which  cannot  be  furnished  by  the  atmo- 
sphere. If  the  manure  enpplies  an  imperfect  com- 
pensation for  this  loss,  the  fertility  of  a  field  or  of  a 
country  decreases  ;  if,  on  the  contrary,  more  are 
given  to  the  fields,  their  fertility  increoHes. 

An  importation  of  urine,  or  of  solid  excrements, 
from  a  foreign  country,  is  equivalent  to  an  importa- 
tion of  grain  and  cattle.  In  a  certain  time,  the 
elements  of  those  substances  assume  the  form  of 
groin,  or  of  fodder,  then  become  flesh  and  bones, 
enter  into  the  human  body,  and  return  again  day  by 
day  to  the  form  they  originally  possessed. 

The  only  real  loss  of  elements  we  are  unable  to  pre- 
vent isof  the  phosphates, in  so  faras  these,  inaccordance  . 
with  the  customs  of  all  modern  nations,  are  deposited 


of  Efllremidura.  He  made  i  pilgrimBge  along  vith  Csptiin  WiJ- 
drington,  to  tbiA  coontry,  to  utuff  himMlf  "  whether  Ihe  uttution 
of  th«  minenl  in  queBti«i  were  adapted  for  lappljiog  the  fislds  of 
England  with  phoiphaUi  of  lime,  ia  cue  other  laurca  of  it  ihould 
be  dried  up."  I  meotion  thia  at  one  of  the  num«ron>  prooft  of  the 
feeling  entertuned  by  the  Engliih  for  the  proipeiity  of  Iheii 
countij,  and  becattw  toch  «  devotion  to  icience,  withont  induce- 
ment oaths  put  of  goTetnmeat,  and  withoDtthe  prcHpect  ofrevard 
front  the  country,  ii  »  nldom  leen  in  other  countries. 

To  thi«  journey  wo  owe  an  authentic  report  on  the  occurrence 
of  thil  moat  Talaable  mineral,  which  Ibrmi,  in  Batremadura,  near 
Logroian,  uren  mil«  from  TruiiUo,  a  bed  or  Tein  fram  7  to 
16  feet  wide,  and  levenl  milei  in  length.  This  ii  one  of  the 
treasures,  of  which  Spain  hai  >a  many,  lufBcient  perhaps,  at  no 
dtatant  period,  to  ply  a  p«rt  of  the  national  debt  of  that  country. 
It  ii  dei^y  to  be  regretted  that  Ihe  ixilway),  projected  i«ven  yetm 
ago,  which,  crouing  each  other  at  Madrid  aa  a  centre,  were  to  unite 
Forlogat  with  France,  and  Madrid  with  both  aeai,  have  not  been 
eieculed.  These  railways  would  render  Spain  Che  richsit  country 
in  Europe. 

Near  Oilheim,  in  tbe  Wetleraa,  Dr.  Bromeis  baa  Utoly  dis- 
covered a  kyer  of  phoaphate  of  lime  (oateolite)  6  iachei  thick,  in 
decompoaed  dolerile.  Theotteolile  Is  snow-white,  cornea  off  on  the 
hand  like  chalk,  and  contains  66  percent,  of  pure  phoiphste  of  lime. 
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.  in  the  grare.  For  the  reat,  eretj  pkrt  of  tbat  «nor- 
mouB  quantitj  of  food  wbicli  a  man  coaanmeB  during 
bis  lifetime  (bij  in  eixtj  or  Beveoty  years),  which  wm 
derived  from  tke  fields,  can  be  obtained  and  retomed 
to  them.  We  luioir,  with  absolute  certaintj,  tbat 
we  receiTe  back,  in  the  solid  and  fluid  excraments, 
all  the  salts  and  alkaline  bases,  all  the  phosphate 
of  lime  and  magoesia,  and  conaequenUj  ail  the 
inorganic  elements,  which  the  animal  cocsumea  in 
ita  food. 

We  can  thus  aaoertun  praciaelj  the  qauititf, 
quality,  and  composition  of  animal  eicrements, 
without  the  trouble  of  anatysmg  them.  If  we  gire  a 
horee  diuly  4}  pounds  weight  of  oats,  and  15  pounda 
of  hay,  and,  knowing  that  oats  give  i  per  cent,  and 
liay  9  per  cent,  of  ashes,  we  can  calculate  that  the 
daily  excrements  of  the  horse  will  contain  21  oonees 
of  inorganic  matter  wiiich  was  drawn  from  the  fields. 
By  analysis  we  can  determine  the  exact  relaUvQ 
amount  of  ulica,  of  phosphates,  and  of  olkaUes,  «oii< 
taiaed  in  the  asbeB  of  the  oats  and  of  the  hay. 

You  will  now  undentond  that  the  constituents  of 
the  solid  ports  of  animal  excrements,  and  therefore 
their  qualities  aa  manure,  must  vary  with  the  nature 
of  the  food.  If  we  feed  a  cow  upon  beetroot,  or 
potatoes,  without  hay,  straw,  or  grain,  there  wilt  be 
no  silica  in  her  solid  excrements,  but  there  will  be 
phosphate  of  lime  and  magneua.  Her  fluid  excre- 
mento  will  contain  carbonate  of  potash  and  soda, 
together  with  compounds  of  the  same  basee  with 
inorganic  acids.  In  one  word,  we  hare,  in  the  fluid 
excrements,  all  the  soluble  parts  of  the  ashes  of  the 
consumed  food ;  and  in  the  BoKd  excrements,  all  tboM 
parts  of  the  ashes  which  are  insoluble  in  water. 

If  the  food,  after  burning,  leaves  behind  ashes 
containing  soluble  alkaline  phosphates,  as  is  the  case 
with  bread,  meat,  seeds  of  all  kinds,  and  flesh,  w« 
obtain  from  the  animal  by  which  they  are  couiuned 
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a  ntina  holding  In  solntioa  thesa  jAoaphatee.  If, 
bowever,  the  aahes  of  food  cont&in  no  ftlk&line  plio»- 
pb&teB,  but  ftbonnd  in  insoluble  earthy  phosphates,  as 
haj,  clover,  and  straw,  the  urine  will  be  it-ee  from 
alkaline  phoiipfaateB,  but  the  earthy  phoBphBt«a  will 
be  found  in  the  faces.  The  urine  of  man,  of  carni- 
vorous and  graminivorons  animals,  contains  alkaline 
phosphates ;  that  of  berbivorous  animals  is  free  irom 
these  salts. 

The  analysis  of  the  excrements  of  man,  of  the 
piscivorous  birds  (as  the  gwmo),  of  the  horse,  and  of 
catt'e..  furnishes  us  with  the  precise  knowledge  of  the 
salt*  they  contaiu,  and  demonstrates  that  in  those 
excrements  ite  return  to  the  fields  the  athei  of  t\e 
pkmlt  which  have  terved  as  food, — the  soluble  and 
insoluble  salts  and  earths  indispensable  to  the  develop- 
ment  of  cultivated  plants,  and  which  must  be  furnished 
to  them  by  a  fertile  soil. 

There  can  be  no  doubt  tiiat,  in  supplying  these 
excrements  to  the  soil,  we  return  to  it  those  con- 
stituents which  the  crops  have  removed  from  it,  and 
we  renew  its  capability  of  nourishing  new  crops :  in 
one  word,  we  restore  the  disturbed  equilibrium ;  and 
consequently,  knowing  that  the  elements  of  the  food 
derived  from  the  soil  enter  into  the  urine  and  solid 
excrements  of  the  animal*  it  nourishes,  we  can  with 
the  greatest  hcility  determine  the  exact  ralne  of  the 
different  kinds  of  manure.  The  solid  and  liquid  ex- 
creta of  an  animal  have  the  highest  value  as  manure 
for  those  plants  on  which  the  animal  hae  fed.  Thus 
the  exoremects  of  pigs  which  we  have  fed  with  peas 
and  potatoes  are  principally  suited  for  monoring  crops 
of  potatoes  nnd  peas.  In  feeding  a  cow  npou  hay 
and  turnips,  we  obtun  a  manore  containing  the 
inorgauic  elements  of  grasses  and  tnrntps,  and  which 
is  therefore  preferable  for  manuring  turnips.  The 
excrement  of  pigeons  contwns  the  mineral  elements 
of  grain ;  that  31  rabbits,  the  elements  of  herbs  and 
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kitchen  vegetables.  The  fluid  and  solid  excrement! 
of  man,  however,  contain  the  mineral  elementa  id 
grain  and  seeds  in  the  greate«t  quantity.* 


LETEEE  SXXIT. 


Tod  are  noir  acquainted  with  my  opiniona  respecting 
the  efiecta  of  the  application  of  mmeroJ  agents  to  our 
cnltivated  fielda,  and  also  the  rationale  of  the  inflaesce 
of  the  variouB  kinda  of  manurea;  you  will,  therefore, 
now  readily  nnderatand  what  I  have  further  to  say  of 
the  Bourceg  whence  the  carbon  and  nitrogen,  in- 
diBpensable  to  the  growth  of  plants,  are  derived. 

The  growth  of  forests,  and  the  produce  of  meadowa, 
demonstrate  that  an  inexhaustible  quantity  of  carbon 

*  On  &  i^ece  of  luid  uar  GiflHm,  of  the  tctj  wont  qitiltty,  on 
which  for  centnTJM  put  only  in  hid  grown,  and  \Thich  *•  inbla 
land  hudi]'  potecued  «  Ytlae,  I  btve  made  during  thim  fan  • 
Hri»  of  eipBrimcntB  on  (lie  actioii  of  (he  Biineral  ingndienti  i^ 
Duuiun,  and  haTe  Btiified  myHlf  llut  for  pennnJd  pkata,  *uch  ■■ 
wood  nod  vino,  the  ingredienla  of  their  «tliB>,  from  my  »arce, 
■nffice  to  render  Uie  >oil  ferlile  for  tbne  pluiti ;  bat  thit  for  com 
ud  Bummer  planti,  in  order  to  ohtma  i  muimum  of  prodnce,  tho 
prewnca  of  oi^uiic  mitt«r  in  Iha  >aii  ii  of  the  atmoat  xlne.  Bj- 
the  addition  of  uwdiut  the  effect  of  the  tninet*!  Bumura  tu 
itrikingi;  ■ugmented,  and  it  ippeui  to  mo  to  be  cleir  that  the 
chief  cause  of  thia  iDcreaied  actioa  mnit  be  looked  for  in  the 
carbonic  add  formed  by  the  decaj  of  the  wood,  which  (the  carbomG 
4cid)  in  thii  cue  acta  not  neirlj  »  mucb  >a  a  taurce  of  arboD,  u 
b;  Ita  lolrftU  power  for  the  earthy  pbotphatea  (of  lime  and  mag- 
Dcai*),  and  bj  conTerlicg  into  bicariwnatei  the  neutnJ  alluline  and 
earthy  carbonatea.  Thia  carbonic  add  ii  the  conditiaa  fnrn^ied  by 
nature  far  the  pauaga  of  Ibeia  Deeosaiy  parta  of  the  food  of  pIlDta 
into  their  organiam ;  for  the  eulby  pboapliaM  and  cubonatei  an 
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is  farniglted  for  TegetalJon  hy  the  carbonic  acid  of  the 
atmoBpfaere. 

We  obtain  from  an  equal  BDrface  of  forest  or 
meadow  land,  where  the  necessary  mineral  elements 
of  the  soil  are  present  in  a  snitaUe  state,  and  to  whicli 
no  carbonaceous  matter  whatever  is  furnished  in 
manures,  an  amount  of  carbon,  in  the  shape  of  wood 
and  hay,  quite  equal  to,  and  ofttimes  greater  than 
that  which  is  produoed  hy  our  fields,  in  the  grain, 
roots,  and  straw,  upon  which  abundance  of  manure 
has  been  heaped. 

It  is  perfectly  obvions  that  the  atmosphere  must 

odIj  Bolable  id  vster  wben  the  mter  contaJDi  cuboDic  iidd.     Tlia 

bring  into  the  toluble  fomi,  nfaicli  ilona  ii  fittrd  for  auimiklJaD  bj 
TcgetableB,  Iho  proporlJaDillj  large  iinoupt  oT  minenl  lubetancei ; 

in  aummer  plinti,  sucfa  u  gruu,  during  l/it:  tkort  period  of  li<ir 
groatk.  It  it  veil  known  how  gnat  is  tfae  effect  produced  in  Ihia 
yn.j  even  bj  tnedente  lunb  ;  uid  ne  mi.;  euilj  olculste  bow 
\pet,\Xj  this  scdoa  matt  be  increued  bj  the  iddilion  of  mrboDii: 
Bcid,  wbeieb;  Ibe  lolvent  power  of  rBio-water  for  tbeu  mioenJ 
eubiUnccri  ii  Bugmented  a  handred,  say,  ■  Ibouund  fold.  The 
carbonic  icid  of  ordionrj  ipring-water,  which  often  retains  in 
Bolution  BQcb  connderatlfl  quantities  of  inorganic  malLer,  prwieeda 
from  the  lame  tource,  namelv,  Che  decaj  of  organic  matter  in 
the  *ril.« 

The  greateit  effect  ma  obtained  from  a  mlitun:  of  rann-^ant 


ne,  especially  *fte.   ._ -         -        « 

more  or  leM  decavtnc  orgintD  mattB,  I  maT  uddoce  the  ffdlowSna  bet: — 
AlatpigiOf falLaiae,1kai1iwbeeiivauBdcd,becankealckaE^dled;  itwaa 
bnrliia  on  the  alope  at  a  rCdng  pomid,  m^dralned  and  naMrtUy  ncdM  ; 
._j  -^-iiUagiaTe««aopen*d,uterl4orlty*ara,tlMni>Bafbiudatlili, 
.  white  intonallj,  who*  the  bodf  had  lain,  in  length  and  hreadtb 
--"Ingto  iliB  aiwottbei^.  Tsiil  found  to  conalit  enflre))' of 
Bear^pnra;  andlt  didnotoonlalixraiatneeol  bonaiarth, 
dng  qmie  InslgnlAefint  In  qnantil  j,  and  oouktlng  of  oaitHmatB 
of  llms  and  a  little  dlisa,  etldeDt]T,a«ii  (be  (Meiiial  eoatlv.  The 
Interior  kft  hardlj  a  traoe  of  aah.  Hera,  In  dnmraiUneei  ftrooraUe  to 
perpetnal  reDVwal  of  raln-mtar,  the  bonea  had  b«ea  entlrel;  ranored, 
and  carried  to  the  h>«  gtoniidi.  It  wouldippearfram  thia,  ttiat  it  ehoish- 
f  Bids  ware  placed  in  jdmllar  siCoatlonB,  enn  tba  phoaphatee  buried  with 
our  bodies  would  be  reooTerai  in  a  great  mlasnce,  and  factiUH  the  lower 
leyelfc— W.  O. 
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fumiBh  to  Our  cultivated  fietdi  u  amc 
acid  aa  it  does  to  aa  eqnal  surface  of  foreat  or 
meadoir,  and  that  the  carboa  of  this  cuhonic  acid  is 
assimilated,  or  maj  be  aBsimilsted,  by  the  pl»nta 
growing  there,  prorided  tbe  conditioai  essMitial  to 
its  assimilatiou,  and  to  tts  becoming  a  couatitaent 
eleoHnt  of  vegetables,  are  found  unit^  ia  the  aoil  of 
these  fields. 

With  the  fullest  supply  of  nntddve  matters,  a  aoil 
U,  for  most  plants,  quite  barren,  if  water  be  wantmg, 

muDre  a&d  minenl  nunoM;  tba  Ibniur  eoataiiu  too  vmA 
oTguic  muter  in  nferenc*  to  iu  mininJ  ingredisaU ;  n  much,  mt 
lU  e*enU,  Hut  the  cubonie  idd  formed  in  ilt  decaf  could  diBolTa 
muij  timcB  more  of  (he  miaerel  lubatancei.  The  eitrmordinarj' 
iucreua  of  the  effect  from  bona  b;  the  uddition  of  lulphuHc  add 
depend!  entirely  on  the  Increued  Klabilitj  of  the  phMpbsIS  of 
lime.  In  mj  expsrimeiitfl  I  feund,  u  many  have  done  bcfiue  me, 
that  the  rerdliiation  of  ao  barrerf  a  loil,  when  ita  bairennen 
dependa  on  the  aWnce  of  the  eSMatial  BCtIre  mbstancM,  and  not 
on  a  mechanicsl  or  physical  DnfltneBa,  compeli  la  eipendiluie 
greater  than  ^ould  be  required  to  purchase  Che  ■ame  amount  of 
fertile  land.     It  i)  ea«j-  to  make  lie  calculalion. 

If  to  one  acre,  EugUih,  we  add  6951)  Itis.  (aboat  t  toDi)  of  the 
Bshea  (or  of  tbe  ingredienti  of  theie  uhea  tnm  othar  wuTcea),  of 
wheat,  potatoea,  &c,  thii  large  iiipplj  onlj  lutGcel  to  give  to  the 
■oil  of  the  whole  lur&ce,  to  the  depth  cf  one  foot,  theH  material) 
in  the  proportion  of  one  grain  to  eoeh  cubic  foot.  ThiB  ia  much 
leu  tbiD  i>  contained  in  a  cubic  fiwt  of  tolerabl;  fertile  aoil ;  bat, 
on  the  other  hand,  much  more  thas  ia  required  for  one  crop.  Bat 
aince  oulf  that  part  of  the  manare  acta  which  i|  in  contact  with 
the  fibre!  of  the  roota,  it  !a  eaiy  to  eee  wbf  to  tnnch  mutt  b* 
given  at  firaL     It  wosld  ippear  that,  in  man j  caiei,  the  chief  eSect 

Biore  abundant  nutrition  in  the  upper  cruat  of  the  field,  the  planta 
during  the  Gnt  period  of  their  growth  push  out  ten  timet,  peritapa, 
a  hundred  or  a  thouiand  timo  more  roob-Bbie*  than  tbef  woiild  ; 
)mt  done  in  poor  aoil;  aud  that  their  aubieqaent  (rowlbwin 
proportion  to  the  number  of  theae  organa,  by  meana  of  which  thej 
are  enabled  to  leaish  for  and  anmilate  the  len  ahnndant  food  in 
the  deeper  atrata.  Thia  may  perhapa  explain  how  a  quaatitj  of  the 
conatituenti  of  manure,  ammonia,  alkaliei,  and  eaithj  photpbatei, 
>o  amall  in  proportion  to  the  amount  of  the  tame  matten  diSned 
through  the  aoil,  iuEreaaea  the  fertilltj  in  ao  remarkabU  ■  d^iee. 


c.an:a(,GoOgk 


EFFECTS  OF  BAIN.  AM 

especially  at  certsia  uasDtia.  Rain  fertiliser  oor 
Gads ;  the  seed  does  not  germinate  and  is  not 
developed  without  the  presence  of  a  certain  amount 
of  moisture. 

The  fertilising  effect  of  rain  is,  on  a  saperficisl 
examination,  still  more  wonderfui  and  more  sur- 
prising than  that  of  manure.  Its  inflaence  on  the 
produce  of  a  field  is  observable  during  weeks  and 
months  after  it  has  fallen  ;  and  yet  rain  conrejs  to 
planta  only  very  small  quantities  oi  carbonic  acid 
and  ammonia.  The  plant  receires  bj  the  medium 
of  water  at  the  time  of  its  first  development,  the 
alkalies,  alkaline  earths,  and  phosphates  necessary 
to  its  organisation.  If  these  elements,  which  are 
necessary  previous  to  its  assimilatioB  of  atmospheric 
iiouriBhraent,  be  absent,  its  growth  is  retarded.  la 
fact,  the  development  of  a  plant,  during  the  subs^ 
quent  dry  season,  is  in  a  direct  ratio  to  the  amount 
of  the  matters  it  has  taken  up  from  tlie  soil  during 
the  period  of  its  first  development.  Jf  a  soil  be 
deficient  in  these  mineral  constituents  required  by 
our  cultivated  plants,  they  will  not  flourish,  even  wl^ 
on  abundant  supply  of  water. 

The  produce  of  carbon  on  a  meadow,  or  an  eqnal 
surface  of  forest  land,  is  independent  of  a  supply  of 
carbonBceDusmanure,hnt  it  depends  upon  the  presence 
of  certain  elementa  of  the  soil  which  in  themselves 
contain  no  carbon,  togeth^  with  the  eiiatenoe  of 
conditions  under  which  their  asumilation  by  plants 
can  be  e&cted.  We  increase  the  produce  of  carbon 
in  our  cultivated  fields  by  a  supply  of  lime,  ashes,  and 
marl,  substances  which  cannot  furnish  carbon  to  the 
plants ;  and  yet  it  is  indisputahle,~-being  founded 
npcm  aktrndant  enerienoe,— -that  in  these  substances 
we  famish  to  the  fields  elements  which  greatly 
increase  the  bulk  of  their  produce,  and  consequently 
the  amount  of  carbmi. 

If  we  admit  these  facta  to  be  estaUished,  we  can 
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no  longer  doubt  that  a  deficient  produce  of  carbon,  or, 
in  other  words,  tbe  barrenneBS  of  a  field,  does  not 
depend  upon  a  deficiency  of  carbonic  acid  or  of 
humua,  because  we  are  able  to  increBse  tbe  produce, 
to  a  certain  degree,  bj  a  supply  of  substances  which 
do  not  contiun  any  carbon.  The  same  source  whence 
the  meadow  and  the  forest  are  furnished  with  carbon, 
is  also  open  to  our  cultivated  plants.  The  great 
object  of  agriculture,  tberefore,  is  to  diacorer  the 
means  best  adapted  to  enable  these  plants  to  aaaimi* 
late  the  carbon  of  the  atmosphere  which  exists  in  it 
fts  carbonic  acid.  In  furnishing  plants,  therefore, 
with  mineral  elements,  we  gire  them  the  power  to 
appropriate  carbon  from  a  source  which  is  inex- 
haustible; whilst  in  the  absence  of  these  elements 
tbe  roost  abundant  supply  of  carbonic  acid,  or  of 
decaying  vegetable  matt^,,  would  not  increase  the 
produce  of  a  field. 

With  an  adequate  supply  of  these  essential  mtneral 
Gons^tueute  in  ^e  soil,  the  amount  of  carbonia  acid 
absorbed  by  a  plant  from  the  atmosphere  in  a  ^ren 
time  is  limited  by  the  quantity  which  is  brought  into 
contact  with  its  organs  of  absorption. 

The  withdrawal  of  carbonic  acid  from  the  atmo- 
sphere by  the  vegetable  organiain  takes  places  chiefly 
through  its  leaves ;  this  absorption  requires  the 
contact  of  the  carbonic  acid  with  their  surface,  or 
with  the  part  of  the  plant  by  which  it  is  absorbed. 

The  quantity  of  carbonic  acid  absorbed  in  a  given 
time  is  in  direct  proportion  to  tbe  sur&ce  of  the 
leaves  and  the  amount  of  carbonic  acid  contained  in 
the  air ;  that  is,  two  plants  of  the  same  kind  and  the 
same  extent  of  surface  of  absorption,  in  equal  times 
and  under  equal  conditions,  absorb  one  and  the  same 
amonnt  of  carbon. 

In  an  atmosphere  containing  a  double  proporUoD 
of  carbonic  acid,  a  plant  absorbs,  under  the  same  ctw- 
dition,  twice  the  quantity  of  carbon.     Bouaungialt 
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obsenreJ,  tbal  tbe  leaves  of  the  vine,  inclosed  in  a 
vesBel,  withdrew  all  the  carbonic  acid  from  a  currect 
of  air  which  was  passed  through  it,  however  great  ita 
velocity.  (Dumas,  Le^n,  p.  23.)  If,  therefore,  we 
supplj  double  the  quantity  of  carbonic  acid  to  one 
plant,  the  extent  of  the  surface  of  which  is  only  half 
that  of  another  living  in  ordinary  atmospheric  air,  the 
former  will  obtain  and  appropriate  as  much  carbon  as 
the  latter.  Hence  result  the  beneficial  effects  of 
humns,  and  all  decayioff  organic  substances,  upon 
our  cultivated  plants.  If  we  suppose  all  &e  con- 
ditions for  the  absorption  of  carbonic  acid  present,  a 
;oung  plant  will  increase  in  mass,  in  a  limited  time, 
only  in  proportion  to  its  absorbing  surface  ;  but  if  we 
create  in  the  soil  a  new  source  of  carbonic  acid,  by 
decaying  vegetable  substances,  and  the  roots  absorb 
in  the  same  time  three  times  as  much  carbonic  acid 
from  the  soil  as  the  leaves  derive  from  the  atmosphere, 
the  plant  wiU  increase  in  weight  fourfold.  This 
fourfold  increase  extends  to  the  leaves,  buds,  stalks, 
&,c.,  and  in  the  increased  extent  of  surface  the  plant 
acquires  an  increased  power  of  absorbing  nouri shin ent 
from  the  air,  which  continues  in  action  far  beyond  the 
time  when  its  derivation  of  carbonic  acid  through  the 
roots  ceases.  Humus,  as  a  source  of  carbonic  acid  in 
cultivated  lands,  is  not  only  useful  as  a  means  of 
increasing  the  quantity  of  carbon,  but  the  mass  of  the 
plant  having  increased  rapidly  in  a  short  time,  space 
is  obtained  for  the  assimilation  of  the  elements  of  the 
soil  necessary  for  the  formation  of  new  leaves  and 
braochea. 

Water  evaporates  incessantly  from  the  surface  of 
the  young  plant ;  its  quantity  is  in  direct  proportion 
to  the  temperature  and  the  extent  of  tbe  surface.  The 
numerous  radical  fibrillie  replace,  like  so  many  pumps, 
the  evaporated  water  ;  and  bo  long  as  tbe  soil  is  moist, 
or  penetrated  with  water,  the  indispensable  elements 
of  the  soil,  dissolved  in  tbe  water,  are  supplied  to  tbe 
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plant.  Froiu  a  plant  with  double  the  Borfoce,  tmee 
u  mnch  water  eraporales  ae  from  another  the  surface 
of  which  ia  haif  that  of  the  fonner.  The  water  ab- 
sorbed by  the  plant  evaporating  in  an  aeriform  Btate, 
leavei  the  salioe  and  other  mineral  oonstitneotB  within 
it.  The  relatiTe  proportion  of  these  elements  taken 
up  bj  a  plant  is  greater  the  more  eztenaire  the 
surface  and  more  abundant  the  supply  of  water  ; 
where  theae  are  limited,  the  plant  soon  reaches  its 
full  growth ;  while,  in  the  other,  a  greater  amount 
of  wements  neoeasarj  to  enable  it  to  appropriate 
atmosplierio  nourishment,  having  been  obtained,  its 
development  continues  much  longer.  The  quantitj, 
or  mass  of  seed  produced,  will  correspond  to  the 
quantitj  of  mineral  couBtituents  present  in  the  plant. 
That  plant,  therefore,  containing  the  roost  aliaUtte 
fihotphaUa  and  earthy  ealte,  will  produce  more,  or  a 
greater  weight  of,  seeds  than  another  which,  in  an 
equal  time,  has  absorbed  less  of  them.  We  conse- 
quentlj  observe,  in  a  hot  summer,  when  a  further 
supply  of  mineral  ingredienle  from  the  soil  eeases 
through  want  of  water,  that  the  height  and  strength 
of  plants,  as  well  as  the  development  of  th«r  aeeds, 
are  in  direct  proportion  to  their  absorption  of  the 
elementary  parts  of  the  soil  in  the  preceding  epochs 
of  their  grovrth, 

On  one  and  the  same  field  we  raise,  in  different 
years,  very  different  proportions  of  gnia  and  straw. 
For  equal  weights  of  grain,  of  the  same  chemical  com- 
position, the  gross  produce  (of  grain  and  straw)  is,  in 
one  year,  one-half  greater  than  in  another  ;  or,  for 
equal  weights  of  straw  (carbon),  we  obtun  in  <me  year 
twice  as  much  grain  as  in  the  other. 

Bnt  if  we  raise,  from  the  same  sar&ee,  twiee  m 
much  grain,  we  have  in  this  grain  a  ooTTeeponding 
eicess  of  mineral  elements.  If  the  produce  in  straw 
be  double,  wo  have  a  double  quantity  of  the  mineral 
elements  of  straw. 
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In  one  year,  wheat  grows  three  feet  high,  and  yields 
from  each  morgea  (an  acre  nearly]  1200  lbs.  of  grain ; 
next  year  it  growB  four  feet  high,  and  yields  only 
800  lbs.  <^  seeds. 

The  inequality  in  the  produce  correspondB,  under 
al]  circumstanceB,  to  the  unequal  proportion  of  the 
mineral  elemonta  of  the  grain  and  of  the  straw  taken 
up  by  the  wheat.  Straw  contains  and  requires  the 
phosphates  as  well  as  grain,  hut  in  smaller  pro- 
portion. If,  in  a  moist  spring,  the  supply  of  phos- 
phates be  not  in  proportion  to  that  of  the  alkalies,  of 
silicic  acid,  and  of  the  sulphates  ;  if  the  latter  be  in 
greater  proportion  than  the  phosphates,  the  produce 
of  carbon  increases,  and  a  much  larger  proportion  than 
usual  of  phosphates  is  employed  in  the  formation  of 
leaves  and  stalks.  Without  an  excess  of  phosphates 
beyond  this,  the  seed  is  not  fully  dsTeloped.  Nay,  we 
can,  merely  by  excluding  these  salts  beyond  a  certain 
proportion,  cause  the  occurrence  of  an  artificial  case, 
in  which  the  plant  reaches  a  height  of  three  feet,  and 
flowers,  without  hearing  any  seeds.  On  a  soil  rich  in  the 
mineral  elements  of  straw  (a  fat  soil),  we  obtain,  after 
a  wet  spring,  proportionally  less  grain  than  on  a  soil 
containing  less  of  these  elements  (a  poor  or  thin  soil) ; 
because  on  the  latter  the  supply  of  mineral  food  is 
greater  at  that  time,  and  is  In  the  proportion  of  the 
ingredient,  better  fitted  for  the  doTolopment  of  all 
parts  of  the  plant,  so  far  as  its  quantity  eitends. 

Supposing  we  had  gi?en  to  our  cultivated  plants  all 
the  conditions  essential  to  the  assimilation  of  their 
atmospheric  nutriment  in  the  greatest  abundance,  the 
action  of  humus  consists,  according  to  the  preceding 
application,  in  accelerating  the  development  of  the 
plant,  in  gaining  time,  an  object  of  the  highest  ralue. 
In  all  cases,  the  produce  of  carbon  is  increased  hy 
the  presence  of  humus,  which,  when  the  conditions 
essential  to  its  conversion  into  other  compounds  are 
wanting,  takes  the  form  of  starch,  sugar,  gum,  &c. ; 
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that  it,  of  matters  containing  no  minenl  elemeatA  b 
their  constitution.  (This  effect  of  the  carboaic  acid 
derived  from  humus,  however,  is  not  the  only  one ; 
for,  u  already  explained,  it  also  acta  as  a  solvent  for 
the  earthy  phospliates  and  carhonates,  probablj'  its 
most  important  function  in  reference  to  oar  crops. 
See,  in  reference  to  this  point,  the  note  at  p.  502.) 

The  elemeot  of  time,  in  the  art  of  agriculture, 
must  always  be  taken  into  account ;  and,  in  this  point 
of  view,  humns  is  of  peculiar  importance  to  tho  growth 
of  garden  vegetables. 

When  the  cerealia,  and  plants  grown  for  their  roots, 
find,  in  our  fields,  in  the  remains  of  the  preceding 
crop,  a  quantity  of  decaying  vegetable  substances  cor- 
responding to  their  amount  of  mineral  nutriment 
Ih>m  the  soil,  and  consequently  a  quantity  of  carlranic 
acid  adequate  to  their  accelerated  development  in,  the 
spring,  a  further  supply  of  carbonic  acid,  withont  a 
corresponding  increase  of  mineral  ingredients,  is  qntte 
useless. 

From  a  morgan  of  good  meadow  land,  2500  ponnds 
weight  of  hay,  according  to  the  best  agrienltorists, 
are  obtained  on  an  average.  This  amount  is  furnished 
without  any  supply  of  organic  substances,  without 
manure  contuning  carbon  or  nitrogen.  By  irrigation, 
and  the  application  of  asbes  or  gypsum,  donble  that 
amount  may  be  grown.  But  assuming  2500  pounds 
weight  of  hay  to  be  the  maximum,  it  is  certain  that 
all  the  carbon  and  nitrogen  of  these  meadow  crt^  is 
derived  from  the  atmosphere. 

.  According  to  Boussing&ult,  hay,  dried  at  a  tempe- 
rature of  100°  Reaumur,  contains  458  per  cent,  of 
carbon,  and  1'5  per  cent,  of  nitrogen.  14  per  cent. 
of  water  retained  by  the  hay,  dried  at  common 
temperatures,  is  driven  off  at  100°.  2500  pounds 
weight  of  hay,  therefore,  corresponds  to  2150  pounds 
dried  at  100°.  This  shows  ns,  that  9S4  pounds  of 
carbon,  and  32-2  ponnda  weight  of  nitrogen,  have  been 
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obtained  in  the  produce  of  one  morj^a  of  meodoir 
laud.  Supposing  that  this  nitro^n  has  been  absorbed 
b;  tbe  plants  in  the  form  of  ammonia,  the  atmosphero 
contains  39'1  pounds  weight  of  ammonia  to  everj 
3640  pounds  weight  of  carbonic  acid  (^984  carbon, 
or  27  per  cent.);  or,  in  other  words,  to  erery  1000 
pounds  weight  of  carbonic  acid,  lO-j^^  pounds  of  am- 
monia, that  is,  the  ammonia  thus  taken  up  from  the 
air  forma  about  -nrnJoinj  '^^  weight  of  the  wr,  or 
■sn.hsa  of  its  volume. ' 

For  every  100  parts  of  carbonic  acid  absorbed  by 
tbe  surface  of  the  leaves,  the  plant  receives  from 
the   atmosphere   somewhat  more  than  one  part  of 


If  we  calculate  from  tbe  best  analyses,  how  much 
nitrogen  we  obtain,  in  different  crops,  from  the  sam^ 
surface  of  land,  we  obtain  the  foUowmg  results  : 

For  every  1000  pounds  of  carbon,  we  obtain — 


»me«dow    . 

S2A  pound,  of  nitrogei. 

GulliTBled  iieldB, 

Id  Wheat 

21-5 

OaU  . 

225 

Rye    .     . 

lS-3 

PoUloe. 

34-1 

B«etroa1. 

39-1 

Bonssinganlt  obtiuned  from  his  farm  at  Bechel- 
bronn,  in  Alsace,  in  five  years,  in  the  shape  of 
potatoes,  wheat,  clover,  turnips,  and  oats,  8383  lbs. 
of  carbon,  and-250'71bB.  nitrogen.  In  the  following 
five  years,  as  beetroot,  wheat,  clover,  wheat  (winter), 
turnips,  OBts,  and  rje,  8193  lbs.  of  carbon,  and 
284*2  lbs.  of  nitrogen.  In  a  further  course  of  six  jears, 
potatoes,  wheat,  clover,  wheat  (winter),  turnips,  peas, 
and  rye,  10,949  lbs.  of  carbon,  356'6  lbs,  of  nitrogen. 
In  siiteen  jears,27,4341bs.  carbon,  S58'51bs.  nitrogen, 
which  gives  for  every  1000  carbon,  31-3  nitrogen. 
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From  theae  iatereBdng  and  anqaestioiMble  facta, 
we  may  deduce  some  coodiuions  of  the  higbest 
importance  in  their  appIieatioD  to  agricnltnre. 

1.  We  obaerre  that  the  relatire  proportioaa  <tf 
earboEi  and  nitrogen,  etsad  in  a  filed  relation  to  the 
surface  of  tbe  learet.  Tbo«e  plants,  in  wbioh  all  the 
oitrogen  may  be  said  to  be  concentrated  in  tbe  seeds, 
aa  the  cerealia,  contain  on  tbe  wbde  less  nitregea  than 
the  teguminona  plants,  peas  and  obver. 

2.  The  produce  of  nitrogen  oa  a  meadow  whtdk 
receives  no  uitrogenised  manure,  is  greater  than  that 
of  a  field  of  wheat  which  has  been  mannredt 

3.  The  produce  of  nitrogen  in  clorer  and  peas, 
which  agriculturist^  will  acknowledge  require  no 
uitrogenised  manure,  is  far  greater  than  that  of  a 
potato  or  turnip  field,  which  is  abuodanttf  supplied 
with  such  manures. 

Lastlj-.  And  this  is  the  most  cuHoos  dedneUoD  to 
be  derifed  from  the  abore  facts, — if  we  plant  potatoes, 
wheat,  turnips,  peas,  and  clover  (plants  containing 
potash,  lime,  and  silez),  upon  the  same  land,  three 
times  richlj  manured,  we  gain  in  sixteen  years,  tor 
a  ^ven  quantity  of  carbon,  the  same  proportion  of 
nitrogen  which  we  receive  from  a  meadow  which  has 
received  no  nitrogeoised  manure. 

Ou  a  morgen  of  meadow-land,  we  obtiun  in  plants, 
containing  silei,  lime,  and  potash,  984  carbon,  32*2 
nitrogen.  On  a  morgen  of  cultivat«d  land,  in  an 
average  of  sixteen  years,  in  plants  containing  the  same 
mineral  elements,  ulex,  lime,  and  potash,  857  carbon, 
26-8  nitrogen. 

If  we  add  the  carbon  (md  nitrogen  of  the  leares  of 
the  beetroot,  and  the  stalks  and  leaves  of  the  potatoes, 
which  have  not  been  taken  into  account,  it  still  remains 
evident  that  the  cultivated  fields,  not  withstand  bg  the 
supply  of  carbonaceous  and .  nitrogenised  manuree, 
produced  no  more  carbon  and  nitrogen  than  an  equal 
surface  of  meadow-land  tt^lted  only  vnth  minerat 
elemettU. 
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What  ti«n  u  lie  rationale  of  tbt  ^eet  of  manure, 
—i-o/the  nUd  aad^id  etecremetiU  of  animals  ? 

ThU  queaUon  can  now  be  s»tiafactorilj  asawered : 
that  effect  is  the  restoration  of  the  elementary  con- 
stituents of  the  Kul  which  have  been  gradually  drawn 
from  it  in  the  shape  of  grain  and  cattle.  If  the  land 
I  am  speaking  of  had  not  been  manured  during  those 
sixteen  years,  not  more  than  one-half,  or  perhaps 
than  one-third,  part  of  the  carbon  and  nitrogen  would 
have  been  produced.  We  owe  it  to  the  animal 
excrements,  that  it  e(|ualled  in  production  the  meadow- 
land  ;  hut,  with  all  the  supply  of  this  manure,  the  field 
became,  in  the  sixth  year,  after  being  again  manured, 
no  richer  in  the  mineral  food  of  pjants  than  it  was  in 
the  first  year.  In  the  second  year  after  manuring, 
it  contained  less  than  in  the  first,  and  in  the  fifth  it 
was  so  much  eihausted,  that  in  order  to  obtain  crops 
aa  good  as  at  first,  we  had  to  restore  as  much  mineral 
matter  to  the  soil  as  we  had  removed  in  fiie  years. 
This  was  unquestionably  effected  hy  the  manure. 
But  oU  that  the  supply  of  manure  accomplished,  was 
to  prevent  the  land  from  becoming  poorer  in  these, 
than  the  meadow  which  produced  2500  pounds  of 
hay.  We  withdraw  from  the  meadow  in  this  hay  as 
large  an  amount  of  mineral  substances  as  we  do  in 
one  horrest  of  grain,  and  we  know  that  the  fertility 
of  the  meadow  is  just  as  dependent  upon  the 
restoration  of  these  ingredients  to  its  soil,  as  the 
cultivated  land  is  npmi  manures.  Two  meadows  of 
equal  surface,  eontajning  unequal  quantities  of  inor- 
ganic elements  of  nourishment, — other  conditions 
being  equal, — bjo  very  unequally  fertile  ;  that  which 
possesses  most,  furnishes  ptoat  hoy.  If  we  do  not 
restore  to  a  meftdow  the  elements  withdrawn,  its 
fertility  decrease).  Bqt  its  fertility  remains  unim- 
paired, with  a  due  supply,  of  animal  excrements,  fluid 
and  BoUd,  and  it  not  only  remuns  the  same,  but  maf 
he  increased  by  »  supply  of  mineral  eubstanceB  alone. 
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such  u  remun  tifter  tbe  combuHtion  of  ligneous 
pldotB  and  other  Tegetables  ;  oainelj',  aeAet-  Asba 
represent  the  whole  DOuriBbment  which  regetablea 
receire  from  the  Boil.  Bj  famishing  tbem  in 
aufficient  quantitieB  to  our  meadowa,  we  gire  to  the 
pknta  growiug  on  them  the  power  of  eondensiitg  and 
abBorbing  carbon  and  nitrogen  by  their  aaiface. 
MuBt  not,  we  bbIc,  the  effect  of  the  Bcdid  and  fluid 
excremente,  which  are  the  athei  of  plant*  and  gradu 
burned  in  the  bodies  of  animals  and  of  man,  be 
dependent  upon  the  same  cause?  Host  aot  the 
fertility,  resulting  from  their  application,  be,  to  a 
certain  extent,  independent  of  the  ammonia  tb^ 
contuin  ?  Would  not  their  effect  be  precisely  the 
Bame  in  promoting  the  fertility  of  cultivated  plants,  if 
we  had  evaporated  the  urine,  and  dried  and  burned 
the  solid  excrements,  before  addbg  them  to  the  soil  i 
Surely  the  cerealia  and  leguminona  plants  which  we 
cuItivBte  must  derire  their  carbon  and  nitrogen  from 
the  same  source  whence  the  graminea  and  legn- 
minouB  plants  of  tbe  meadows  obtain  them  !  No 
doubt  can  be  entertained  of  their  capability  to  do  lo. 

In  Virginia,  upon  tbe  lowest  ealculatiouB,  22p<Nindi 
weight  of  nitrogen  were  taken  on  the  average,  yeariy, 
from  every  morgeu  of  the  wbeat-fields.  This  would 
amount,  in  100  years,  to  2200  pounds  weight. 
If  this  were  derived  from  the  soil,  every  morgen  c^it 
must  have  contained  hundreds  of  thousands  of  pounds 
weight  of  animal  excrements  (assuming  the  latter, 
when  dried,  at  the  temperature  of  boiling  water,  to 
contain  2  per  cent,  of  nitrogen)  I 

In  Hungary,  as  I  remarked  in  a  former  Letter, 
tobacco  and  wheat  have  been  grown  upon  the  same 
land  for  centuries,  without  any  supply  of  nitrogeniaed 
manure.  Ib  it  possible  that  the  nitrogen  esaentisi 
to,  and  entering  into,  the  composition  of  these  crops, 
could  have  been  drawn  from  the  soil ! 

Every  year  renews  the  foliage  and  fruits  of  our 
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forests  of  beech,  oak,  and  chesDnts ;  the  leaves,  the 
acorns,  the  chesnutB,  are  rich  in  nitrogen  ;  so  are 
cocoa-nuts,  bread&uit,  and  other  tropioal  productions, 
This  nitrogen  is  not  supplied  by  man.  From  a 
morgen  of  land,  planted  with  mulbeny  trees,  we 
raise  in  the  form  of  silk-worms  the  nitrogen  of  the 
leares  on  which  thej  feed,  and  this  crop  is  renewed 
annually,  without  the  addition  of  any  nitrogeniged 
manure  to  the  soil.  It  is  impossible  to  entertain  a 
doubt  as  to  the  origin  of  this  nitrogen.  Can  it  indeed 
be  derived  from  any  other  source  than  the  atmo- 
sphere J 

In  whatever  f<yrm  the  nitrogen  supplied  to  wild 
plants  may  be  contuned  in  the  atmosphere,  in  what- 
ever state  it  may  be  when  absorbed,  from  the 
aonosphere  it  must  have  been  derived.  Must  not 
the  fields  of  Vir^nia  and  Hungary  have  received 
their  nitrogen  from  the  same  source  as  wild  plants  ? 

Is  the  supply  of  nitrogen  in  the  excrements  of 
animals  quite  a  matter  of  indifTerence,  or  do  we 
receive  back  Jrom  our  fieldi  a  quatuity  of  the  elements 
of  hlood  eorreepondmg  to  the  mpph/  of  ammonia 
Aus  given? 

The  researches  of  Boussinganlt  have  solved  this 
problem  in  the  most  satisfactory  manner,  and  the 
more  so,  aa  his  eiperiments  were  made  for  very 
different  objects,  and  with  different  views.  If,  in  his 
grand  experiments,  the  manure  which  he  gave  to  his 
fields  were  in  the  same  state,  i.  e.,  dried  at  110°  in 
a  vacuum,  as  it  was  when  analysed,  these  fields 
received,  in  sixteen  years,  1300  pounds  of  nitrogen. 
But  we  know  that  by  drymg  all  tie  nitrogen  escapes 
whicb  is  contained  in  solid  animal  excrements,  as 
volatile  carbonate  of  amroonia.  la  tbis  calcidatioa 
the  nitrogen  of  the  urine,  which  by  decomposition  is 
converted  into  carbonate  of  ammonia,  has  not  been 
included.  If  we  suppose  it  amoiuted  to  half  as  much 
as  that  in  the  dried  excrements,  tbia  would  make  tha 
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quantity  of  Ditrogen  Bupplied  to  the  fields,  in  sixteeii 
years,  1950  pounds. 

In  siitaen  yean,  boweTfir,  as  we  bare  seen,  only 
1517  pounds  of  nitrogen  were  contuned  in  their  pro- 
duce of  grain,  straw,  roots.  &c. — that  is,  far  ku 
than  was  suf  pUed  in  the  manure ;  and  in  the  suae 
period  th«  same  surface  of  good  meadow  land  ((me 
hectare  =  4  Heasian  morgens),  which  receired  bd 
nitrogen  in  manure,  yielded  2060  pounds  of  aitmg<m. 

It  is  well  known,  tiiat  in  Egypt,  from  the  deficiency 
of  wood,  the  excrement  of  animals  is  dried,  and  forms 
the  principal  fuel,  and  that  the  nitrogen  from  the  soot 
of  this  ezcreraent  was,  for  many  centuriea.  Imported 
into  Europe  in  the  form  of  sal-ammoniac,  until  a 
method  of  manu&oturing  this  sabstaoce  was  discovered 
at  the  end  of  hut  century  by  OraTenhorst,  of  Bruns- 
wick. The  fields  in  the  delta  of  the  Nile  are  st^plied 
with  no  other  animal  manure  than  the  ashes  trf  the 
burnt  excrements,  and  yet  they  have  been  proverbially 
fertile  from  a  period  eariier  than  the  first  dawn  « 
history,  and  tl^  futility  ooatinnes  to  die  pfeaent 
day  as  admirable  as  it  was  in  the  earliest  times. 
These  fields  reoeive  every  year,  from  the  inundation 
of  the  Nile,  a  new  sml,  in  its  mud  depeuted  over 
their  surface,  rich  in  those  mineral  elements  which 
have  been  withdrawn  by  the  crops  of  the  prenons 
haniest.     The  mud  of  the   Nile  contains  aa  littJe 


tions  of  the  Rhine.  If  this  fertilising  mod  owed  tlua 
property  to  nitrogenisad  matters,  what  enormous  beds 
of  animal  and  vegetable  ezuvite  and  remains  ought 
to  exiat  in  the  tnoontains  of  A/rioa,  in  heights  ezteod- 
ing  beyond  the  limits  of  perpetual  enow,  whwe  no 
had,  no  animal  finds  food,  from  the  abaence  of  all 
vegetation ! 

Abundant  cTidenee  in  support   of  the  important 
truth  we  are  discussing  may  be  derived  &om  other 
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Well-known  facts.  Thus,  t^e  trade  of  Holland  in. 
cheese  may  be  adduced  in  proof  and  illustratton 
therec^.  We  know  tLat  cheese  is  derived  from  the 
plants  which  serre  as  food  for  caws.  The  meadow- 
lands  of  Holland  derive  the  nitrogen  of  cheese  from 
the  same  source  as  with  us  ;  i.e.  the  atmosphere. 
The  milch  cows  of  Holland  remain  daj  and  night  on 
the  grazing-gronads,  and  therefore,  in  their  fluid  and 
solid  excrements  return  directlj  tfl  the  soil  all  the 
salts  and  earth;  elements  of  th^  food  :  a  very  insig- 
niScant  quantity  only  Is  exported  in  the  cheese.  The 
fertility  of  these  meadows  can,  therefore,  be  as  little 
impaired  as  our  own  fields,  to  which  we  restore  all 
the  elements  of  the  soil,  as  manure,  which  have  been 
withdrawn  in  the  crops.  The  only  difference  is,  in 
Holland  they  remain  on  the  field,  whilst  we  collect 
them  at  home,  and  cany  them  from  time  to  time  to 
the  fields. 

The  nitrogen  of  the  fluid  and  solid  excrements  of 
cows  is  derived  fivm  the  meadow -plants,  which  receive 
it  from  the  atmosphere;  the  nib'ogen  of  the  cheese 
also  must  be  drawn  from  the  same  source.  The 
meadows  of  Holland  have,  in  the  lapse  erf  centuries, 
produced  millions  of  hundredweights  of  cheese.  Thou- 
saods  of  hundredweights  are  annually  exported,  and 
yet  the  productiveness  of  the  meadows  is  in  no  way 
diminished,  although  they  never  rec^ve  more  nitrogen 
than  thej  ori^nally  contained. 

Nothing  can  be  more  certain  than  the  fact,  that  an 
exportation  of  nitrogenised  products  does  not  exhaust 
the  fertility  of  a  country ;  inasmuch  as  it  is  not  the  soil, 
hut  the  atmosphere,  which  furnishes  its  vegetation 
witji  nitrogen.  It  follows,  consequently,  that  we  can- 
not increase  the  fertility  of  our  fields  by  a  supply  of 
nitrogenised  products,  or  by  $altt  of  ammonia,  ahw, 
bat  rather  that  their  produce  increases  or  diminishes, 
in  a  direct  ratio,  with  the  supply  of  mineral  elements 
capable  of  asumilation.    The  formalaon  of  the  con- 


caniMovCoO'^lt^ 


Btituent  elements  of  blood,  th&t  ib,  of  the  nitrogemsed 
principles  in  our  caltir&ted  plants,  depends  upon  the 
presence  of  inorganic  mattera  in  the  soil,  withont 
which  no  nitrogen  can  he  assimilated  even  when  there 
is  ft  most  abundant  supplj.  The  ammonia  contained 
In  animal  excrements  exercises  a  favourable  effect, 
inMmuch  as  it  is  accompanied  by  the  other  substances 
necessary  to  accomplish  its  transition  into  the  elements 
of  blood.  If  we  supply,  along  with  the  ammonia,  all 
the  conditions  necessary  to  its  assimilation,  it  minis- 
ters to  the  nourishment  of  the  plants ;  but  if  this 
artificial  supply  of  ammonia  is  not  g^Ten  they  can 
derive  all  the  required  nitrogen  from  the  atmosphere 
— a  source,  every  loss  from  which  is  'Te4to)«d-^by  the.-  ■ 
decomposition  of  the  bodies. of  dead  animals  ^d  tlie  ' 
decay  of  plants.  Ammonia ''eertainly  faTOiii« 'and ' 
accelerates  the  growthof  plants  in  all  soils,  whereid'all  ' 
the  conditions  of  its  assimilation  are  united  ;  but  it  is 
altf^ether  without  effect,  as  respects  the  production 
of  the  elements  of  blood,  where  any  of  these  conditions 
are  wanting.  We  can  suppose' that  .a«f>arqj7in«,  the 
active  constituent  of  amaragtu  and  of  the  mucilagi- 
nous root  of  the  marsK-maUaw,  the  nitragenised  and 
sulphurous  ingredients  of  mtutardseed,  and  of  aQ 
cruciferous  plants,  may  originate  without  the  aid  of 
the  mineral  elements  of  the  soil.  But  if  the  prin- 
ciples of  those  vegetables  which  serve  as  food  could 
be  generated  without  the  co-operation  of  the  mineral 
elements  of  blood,  without  potash,  soda,  phosphate 
of  soda,  phosphate  of  lime,  they  would  be  useless  to 
us  and  to  herbivorous  ammals  as  food ;  they  would 
not  fulfil  the  puipose  for  which  the  wisdom  of  the 
Creator  has  destined  them.  In  the  absence  of  alka- 
lies and  the  phosphates,  no  blood,  no  milk,  no  mnscular 
fibre  can  be  formed.  Without  phosphate  of  lime  we 
might  perhaps  have  horses,  sheep,  and  cattle,  but 
they  would  he  without  bones. 

In  the  urine  and  in  the  solid  excrementa  of  animals, 
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and  in  guaoo,'  we  give  ammoma,  and  consequently 
nitrogen,  to  our  cultirated  pUnta,  and  this  nitrogen  is 
accompanied  by  all  the  mineral  elements  of  food 
exactly  in  tlie  same  proportions  in  which  both  are 
CODtainod  in  the  plants  which  served  as  food  to  the 
animals,  or  what  is  the  same,  in  those  proportions  in 
which  thej  can  serve  as  noorishment  to  a  new  gene- 
ration of  plants,  to  which  both  are  essentiaL 

The  effect  of  an  artificial  supply  of  ammonia,  as  a 
source  of  nitrogen,  is,  therefore,  precisely  analogous 
to  that  of  humus  as  a  source  of  carbonic  acid — it  is 
limited  to  a  gain  of  time ;  that  is,  it  accelerates  the 
dcTelopment  of  cultirated  plants.  Ammonia,  when 
added  |n  the  form  of  excrements  of  man  and  animals, 
increases  the  proportion  of  sanguinigenous  matter  in 
our  «rope,  an  effect  which  the  carbonate  and  sulphate 
of  ammonia  alone  would  never  produce. 

In  order  to  avoid  all  misunderstanding,  I  most 
again,  point  out  that  the  preceding  explanation  is  in 
no  respect  inconsistent  with  the  good  effects  of  an 
artificial  supply  of  ammonia  or  ammoniacal  salts. 
Ammonia  continues  to  be  the  source  of  all  the  nitro- 
gen of  plants ;  a  supply  of  it  is  always  beneficial,  ond^ 
for  certun  objects,  indispensable ;  but  it  is  of  the 
utmost  importance  for  agriculture,  to  know  with  cer- 
tainty that  the  supply  of  ammonia  is,  for  many  of  our 
cultivated  plants,  unnecessary  and  superfluous;  and 
that  the  value  of  a  manure,  as  is  the  established  rule 
in  France  and  Qermany,  cannot  be  judged  of  by  the 
proportion  of  nitrogen  it  contains,  and  is  not  proper- 
tioiial  to  the  amount  of  nitrogen.  If  the  mineral 
elements,  phosphates,  iic,  be  duly  supplied,  the  plant 
will  obtain  a  snfficient  supply  of  ammonia  from  the 
atmosphere.  If  these  be  absent,  or  deficient  in  quan- 
tity, the  greatest  artificial  supply  of  ammonia  will  do 
no  good,  and  will  be  a  pure  loss  to  the  farmer. 

When  we  have  exac^y  ascertained  the  quantity  of 
ashes  left  after  the  combtiation  of  cultivated  plants 
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which  have  grown  upon  all  Varieties  of  koil,  and  lista 
obtained  correct  analyses  of  these  ashes,  *e  afaal) 
learn  with  certainty  which  of  the  conaUtaent  elements 
of  the  plants  are  constant  and  which  are  rariable, 
and  we  shall  arrive  at  an  exact  knowledge  of  the 
snni  of  all  the  ingredients  we  withdraw  from  the  soil 
in  the  difierent  crops. 

With  this  knowledge  the  farmer  will  be  able  to 
'  keep  an  exact  record,  of  the  prodnCe  of  his  fields  in 
harrest,  like  the  aeconnt-bobk  of  a  wetl-regnlated 
manufactory ;  and  then  by  a  simple  Calculation  he 
can  determine  precisely  the  snbstances  be  must  supply 
to  each  field,  according  to  the  crops  he  has  reaped, 
and  the  qnantity  of  these,  in  Order  to  restore  their 
original  fertility.  He  will  be  ftble  to  express,  in 
ponnds  weight,  how  mncfa  of  this  or  that  element  he 
must  give  to  the  soil  in  order  to  aognent  ftt  fertilitj 
for  any  given  kind  of  plants. 

These  researches  and  eiperiments  are  the  great 
detidertOum  of  the  present  time.     To  the  Ohited 

EFFORTS  OF  THE  0HEMI8T8  OF  ALL  COUNTRIES  WE  HAT 
CONFUSKTLT  LOOS  FOR  A  SOLUTION  OF  THESE  O&EAT 

QUESTIONS,  and  by  the  aid  of  Enlishtehgd  agricul- 
TURisTB  we  shall  arrire  at  a  rational  system  of 
BORticdltcrb,  and  agriculture,  apfdicable  to  ever; 
comitrj  and  all  kinds  of  soil,  and  which  wiU  be  based 
upon  the  immutable  fonndation  of  OBSERntB  facts 
and  philosophical  INSUOTIOH. 
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Ht  researohea  into  tlie  ctmatituent  ingredientu  of 
our  cultiTal«d  fields  have  led  me  to  the  concluBitHl 
that,  of  ail  the  elements  fumtBhed  to  plants  hy  thd 
soil  and  rainwtering  to  their  nourishment,  the  phos- 
phate of  lime — or,  radier,  the  phosphatea  generally — 
must  be  regarded  as  the  mofit  important. 

In  <»^er  to  fornish  7OU  with  a  clear  idea  of  the 
importance  of  the  jthOspUatee,  it  may  be  luffident  to 
remind  jou  of  the  fact,  that  the  blood  of  roan  and 
animals,  besidea  common  salt,  ^wajs  contains  alka- 
line and  earthy  phosphates.  If  we  bum  blood  and 
examine  the  aAes  whiob  remafn,  we  find  eertdn 
parts  of  tiiem  solnhle  iti  water,  and  others  iDBoluble. 
The  soluble  parts  are,  eommon  salt  and  alkaline 
phosphatea  ;  the  ineotnble  eonsist  of  phosphate  of 
lime,  phosphate  of  magnesia,  and  ozide  of  iron. 

These  mineral  ingredieots  of  the  blood— without 
the  presence  of  which  in  the  food  the  formation  of 
blood  is  impomihle — both  man  and  animals  derive 
mther  immediately.  Or  mediately  through  other 
animals,  from  vegetable  aubstaiices  used  as  food  1 
they  had  been  conatitn^ts  of  vegetables,  thej  had 
bcMi  pal-ts  of  the  soil  Upon  which  the  v^;etable 
sabstanceA  were  developed. 

If  we  compare  the  amount  of  the  phosphates  in 
different  vegetable  Bnbstances  with  each  other,  we 
discover  a  great  variety,  whilst  there  is  scarcely  any 
ashea  of  plsnti  altoge^er' devoid  of  them,  and  those 
parte  of  plants  which  experience  has  tasght  ns  are 
the  most  nutritions,  contain  ^e  largest  proportion. 
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To  theae  belong  all  seeds  and  grun,  especially  the 
rarietiea  of  bresd-coni,  peas,  beans,  and  lentils. 

It  is  &  most  curious  fact  that  if  we  incinerate  gnun 
or  ita  flonr,  peas,  beans,  and  lentils,  we  obtain  ashes, 
whieh  are  distingui^ed  from  the  ashes  of  aU  other 
parts  of  Tegetsbles  bj  the  absence  of  alkaline  carbo- 
nates. The  ashes  of  these  seeds  when  recenttj 
prepared,  do  not  efferresce  with  acids  ;  their  solnble 
ingredients  consist  solely  of  alkaline  phosphates,  the. 
insoluble  parts  of  phospliate  of  lime,  phosphate  of 
magnesia,  and  oxide  of  iron :  conseqnently,  of  the 
very  same  salts  which  are  contained  in  blood,  and 
which  are  absolutely  indispensable  to  Its  formation. 
We  are  thus  brought  to  the  further  indisputable 
conclusion  that  no  seed  suitable  to  become  food  for 
man  and  animals  can  be  formed  in  any  plant  without 
the  presence  and  co-operation  of  the  phosphates.  A 
field  in  which  phosphate  of  lime,  or  the  alkaline 
phosphates,  form  no  part  of  the  soil,  is  totally 
incapable  of  producing  grain,  peas,  or  beans. 

An  enormous  quantity  of  these  aubstanees  indis- 
pensable to  the  nourishment  of  plants,  is  annually 
withdrawn  from  the  soil  and  carried  into  great  towns, 
in  the  shape  of  flour,  cattle,  et  cetera.  It  is  cert»n 
that  this  incessant  remcTol  of  the  phosphates  mnst 
tend  to  exhaust  the  land  and  diminish  its  capability 
of  producing  grun.  The^  Gelds  of  Great  Britain  are 
in  a  state  of  progressiTO  exhaustion  from  this  cause, 
as  is  proved  by  tiie  rapid  extension  of  the  cnltiratlon 
of  turnips  and  mangel  wurcel— plants  which  contain 
the  least  amount  of  the  phosphates,  and  therefore 
require  the  smallest  quantity  for  their  development. 
These  roots  contun  80°  to  92°  per  caA.  of  water. 
Their  great  bulk  makes  the  amount  of  produce  falla- 
cious, as  respects  their  adaptation  to  the  food  id 
animals,  inasmuch  as  their  contents  of  the  ingredients 
of  the  blood,  i.  e.  of  substances  which  can  be  traos- 
formed  into  flesh,  stands  in  a  direct  ratio  to  their 
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ftmonnt  of  phosphates,  irilhout  irhich  neither  blood 
nor  flesh  can  be  formed. 

Our  fields  will  become  more  and  more  deficient  in 
these  essential  ingredients  of  food,  in  all  localities 
irhere  custom. and  bab^s  do  not  admit  the  collection 
of  the  fluid  and  solid  excrements  of  man,  and  their 
application  to  the  purposes  of  agriculture.  In  a 
former  letter  I  showed  you  bow  great  a  waste  of 
-fhoo^atea  is  unavoidable  in  England,  and  referred 
to  tbe  weli-known  fact  that  the  importation  of  bones 
restored  in  a  most  admirable  manner  the  fertility  of 
tbe  fields  exhausted  from  this  cause.  In  the  year 
1827  tbe  importation  of  bones  for  manure  amounted 
to  40,000  tons,  and  Hushisson  estimated  their  value 
to  be  from  100,000!.  to  200,000?.  sterling.  The 
importation  is  still  greater  at  present,  but  it  is  far 
from  being  sufficient  to  supply  the  waste. 

Another  proof  of  tbe  efficacy  of  the  phosphates  in 
restoring  fertility  to  exhausted  land  is  afforded  by  the 
use  of  tfae^uono — a  manure  which,  although  of  recent 
introduction  into  flngland,  has  found  snob  general  and 
extensive  application 

We  believe  that  the  importation  of  one  hundred- 
waght  of  gvano  is  equivalent  to  tbe  importation  of 
eight  hundred-weight  of  wheat — tbe  hundred-wmght  of 
guano  assumes  in  a  time  wliich  can  be  acouratelT 
estimated  the  form  of  a  quantity  of  food  correspoad- 
ing  to  mght  hundred-weight  of  wheat.  The  same 
estimate  is  applicable  in  tbe  valuation  of  hones. 

If  it  were  posuble  to  restore  to  the  soil  of  England 
and  Scotland  the  phosphates  which  during  the  last 
fifty  years  have  been  carried  to  the  sea  by  the  Thamea 
and  the  Clyde,  it  would  he  equivalent  to  manaring 
with  millions  of  hundred-weights  of  hones,  and  the 
produce  of  the  land  would  increase  one-third,  or  per- 
haps double  ibself,  in  five  to  ten  years. 

We  cannot  doubt  that  tbe  same  result  would  follow 
if  the  price  of  the  guano  admitted  the  application  of 
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A  qiun^j  to  the  imfoce  of  the  fields,  cDntainiiig  ss 
mach  of  the  phosphates  &b  have  been  wlthdraira 
from  them  in  the  name  period. 

If  a  rich  and  cheap  Bource  of  pboaj^te  of  lime 
and  the  alkaline  phosphates  were  open  to  England, 
there  ean  be  no  qnestion  that  the  importation  of 
foreign  com  might  be  altogether  dispensed  with  aft^ 
a  short  time.  For  these  materials  England  ia  at 
present  dependent  upon  foreign  eountries,  and  the 
high  price  of  guano  and  of  bones  prevents  their 
general  application,  and  in  sufficient  qunatitj.  Ever; 
year  the  trade  in  these  substanoes  must  decrease, 
or  their  price  will  rise  as  the  demand  for  them 
increases. 

According  to  these  premises,  it  cannot  be  disputed, 
that  the  annual  expense  (^  Great  Britain  for  the 
importation  of  bones  and  guano  is  equiralent  to  A 
dntj  on  com :  with  thie  difference  only,  that  the 
amount  is  paid  to  foreigners  in  money. 

To  restore  the  distaibed  equilibrium  of  coostitn- 
tion  to  the  ami,— to  fertilise  her  fields, — ^En^iuid 
reqidrea  an  enormous  snpply  of  annual  excrements, 
and  it  mnst,  therefore,  excite  oonsiderable  interest  to 
learn,  that  she  possesses  beneath  her  soil,  beds  of 
fossil  guano,  strata  of  animal  excrements,  in  a  state 
whioh  will  probably  allow  of  their  being  employed  as 
a  mannro  at  a  very  small  expense.  The  coprolithea 
discovered  by  Dr.  Bnckland,  (a  discovery  of  the  highest 
interest  to  Geology,)  are  these  excrements;  uod  it 
seems  extremely  probable  that  in  these  strata 
England  posseeses  the  means  of  supplying  the  place 
<^  recent  bones,  and  therefore  the  prinoipal  oonditiona 
of  improving  agriculture — of  reatoring  taxi  exalting 
the  futility  of  her  fielde. 

In  the  autumn  of  1842,  Dr.  BueUand  p<unt«d  oat 
to  me  a  bed  of  coprolithes  in  the  ndghboorfaood  of 
Clifton,  from  half  to  one  foot  thick,  inolosed  in  a 
limestone  formation,  extending  aaftbrownstripe  in  the 
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rocks,  for  miles  along  the  bulks  of  tlie  Serern.  The 
limestone  marl  of  Lyme  Be^  consists,  for  the  most 
part,  of  one  fourth  part  of  fossil  eacreraents  and  bones. 
The  same  are  abundant  in  the  liaa  of  Bath,  Eastern 
and  Broadway  Hill,  near  Evesham.  Dr.  Buckland 
mentioDB  beds,  several  miles  in  extent,  the  substance 
of  which  coiuista,  in  many  places,  of  a  fourth  part  of 
coprolitbes. 

Pieces  of  Uie  limestone  rock  of  Clifton,  near 
Brietol,  which  is  rich  in  coprolithcB  and  organic 
remains,  fragments  of  bones,  teetb,  &c.,  vrere  sub- 
jected to  analysis,  and  were  found  to  contain,  above  IS 
per  cent,  of  phosphate  of  lime.  If  this  limestone  is 
burned  and  brought  in  that  state  to  the  fields,  it  must 
be  a  perfect  substitute  for  hones,  the  efficacy  of  which 
as  a  manure  does  not  depend,  as  has  been  generally, 
but  erroneously  supposed,  upoa  the  nitrogenised 
matter  which  they  contain,  but  on  their  phosphate 
of  lime. 

The  osseous  breccia  found  in  many  parts  of  England 
deserTCs  especial  attention,  as  it  is  highly  probable 
that  in  a  short  time  it  will  become  an  important 
article  of  commerce. 

What  a  curious  and  interesting  subject  for  con- 
templation !  In  the  remuns  of  an  extinct  animal 
world,  England  is  to  find  the  means  of  increasing  her 
wealth  in  agricultural  produce,  as  she  has  already 
found  the  great  support  of  her  manufacturing  industry 
in  fosul  fuel, — tiie  preserved  matter  of  primeval 
forests, — the  remiuns  of  a  vegett^le  world.  May 
this  expectation  be  realised  I  and  may  her  excellent 
population  be  thus  redeemed  from  poverty  and 
misery! 
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"  A  boy,  tea  years  old,  in  the  neighbourhood  of  Sdnreidoitz, 
«ru  the  mirncalouH  chUd,  in  whom  had  growD  Ibis  golden 
tooth.  Jacob  Hont,  formerly  phyaician  in  Schweidnitz, 
heard  in  HelmBtidt,  where  he  was  at  that  time  (1£9S)  pro- 
fessor, of  thii  history,  and  wrote  a  retj  Btronge  boolc  about  it ; 
trhere,  without  for  a  moment  doubting  the  latfaenticity  of  the 
■tory,  he  at  once  regards  the  producdon  of  this  toolh  as  a 
aupematural  event,  depending  on  the  conateltadon  under 
which  the  boy  waa  born.  On  the  day  of  his  birth  (22nd 
December,  1SS6),  Bays  Hont,  the  «nu  had  been  in  the  aign  of 
Aries.  By  thie  sapematural  cause,  the  nutritivfl  force,  in 
consequence  of  the  increased  heat,  had  been  miraculonsJy 
augmented,  and  thus,  instead  of  bone,  gold  had  been  secreted. 
He  then  proceeds  to  examine  the  signiflcauce  of  this  miracle, 
as  a  sign  of  future  eTents.  As  every  eclipse  and  every  earth- 
qoake  has  its  prophetic  meaning,  so  also  this  tooth  must  be 
regarded  as  a  sign  of  the  golden  age.  The  Emperor  would 
expel  the  Tnrks,  those  enemies  of  Qtristendom,  from  Europe, 
and  then  the  millepniuoi  and  the  golden  age  would  be  at 
hand.  To  establish  this  prophecy,  Morst  refers  to  Daniel 
(chap,  ii.)  where  the  golden  head  of  the  image  signifies  a 
great  empire.  But  beunse  the  golden  toolh  was  Ihe  latest  in 
the  jaw  of  the  Sileaisn  boy,  so  also  would  this  firmly  esta- 
blished authority  of  the  Roman  Emperor  go  to  judgment 
shortly  before  the  coming  of  Christ." 

"  Two  other  phyucians,  Martin  Ruland  the  younger  of 
I^oingen,  at  that  tune  in  Batisbon,  whence  he  snbsequently 
went  to  Prague,  and  John  Ingolstetter  of  Knremberg,  who 
was  also  Pro-rector  of  the  PaedBgogiom  at  Amberg,  disputed, 
not  abont  the  Gut,  for  both  appear  to  have  been  convinced  of 
it,  but  about  the  theory  of  this  occorrence.  The  former  had 
tried  to  explain  it  by  uatond  eaosea ;  but  the  latter,  if  we 
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m&jr  judge  from  the  title  of  hii  book,  endenronied  to  pTom 
that  it  wu  tt  true  miracle,  or  nipenuttuntl  evoDt.  Dunoa 
Liddel,  a  ScDtchmui,  wrote  &  nicceoBfal  refutation  of  the 
chimmB  of  Hoitit.  Bslthnzar  Cammonu  had  already  re- 
marked, at  the  eod  of  1695,  that  the  miraculaoB  boj  no 
longer  allowed  himself  to  be  euunined  hy  learned  men,  bat 
became  almost  furious  whoa  attempts  were  made  to  force  him 
'  toanhmit  taeuuniuation^  and  that  it  was,theTefore,siispected 
that  the  fomoos  tooth  wbb  only  covered  with  gold  leaf  ;  for 
the  toot  of  tbiB  tooth  certainly  could  not  be  gold." 


"  We  bring  forward  that  which  is  new,  not  to  conlbae 
nature  nor  (he  minds  of  men,  bat  to  enlighten  them  ;  not  ta 
destroy  seienoe,  but  to  give  it  a  true  foundation.  But  oar 
opponents  call  Use  and  heretical,  that  which  they  cannot 
refute,  making  for  themselves  a  shield  of  simulated  zaal  for 
religion,  and  degrading  the  Holy  Scriptures  into  the  instra- 
ment  of  private  ends.  But  a  writer  ought  not  to  he  condemned 
unheard,  when  ha  treats  not  of  eccleuoBtical,  bat  of  natural 
things,  and  does  ho  with  Hm  aid  of  reasoos  derived  from  aatro. 
Bomy  and  geometry.  He  who  wotild  bold  in  all  eases  to  the 
Dftked  RTammatical  sense,  must  needs  accuse  the  Bible  of  con- 
tradictions, nay,  of  blasphemies,  when  it  speaks  of  God's  eye,  his 
hand,  or  his  anger.  And  if  this  lake  place  in  the  appiehenaioo 
of  the  people,  how  much  the  more  ought  we  to  regard  it,  in 
matters  which  are  remote  from  the  obBsrvation  of  the  many, 
and  do  not  aGFact  our  galvadon,  as  the  natural  sciences.  In  these, 
therefore,  we  must  not  begin  with  the  authority  of  the  Bible, 
hut  with  the  obBervations  of  our  Benaes,  and  the  necessary 
proofs,  becanse  nature  and  the  Bible  alike  owe  their  exiatenca 
to  Ood.  As  the  Bible,  to  occonunodite  itself  to  the  ignorauc* 
of  men,  says  many  things  figuntively,  while  nature,  immntattle 
and  inexorable,  never  steps  beyond  the  letter  of  her  laws, 
not  caring  whether  her  concealed  eaoees  and  modes  of  action 
be  adapts  to  the  eompiehensiansof  men;  it  appears,  that  that 
whiefa  observation  and  evidence  bring  before  oar  eyes  and 
intellects  ongbt  by  no  means  to  be  brought  into  doubt  by  test* 
of  scripture,  whicb  have  a  double  sense,  because  owh  word  is 
not  bound  by  sudi  strict  rules,  as  are  natural  phenomena,  and 
Ood  reveals  himself  in  the  latter  not  lees  gloriously  than  in 
the  words  of  the  Bible,    Before  all  things,  therefera,  wa  mnrt 
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moke  Bnre  of  beta.  To  these  the  Bible  canaot  be  opposed, 
else  would  God  contivdict  himself ;  we  must  coaBer^aeDtly 
expoond  their  sense  woordingly,  sjid  the  cspndty  of  m&kiiig 
Boch  researchoB  is  also  a  gift  of  God.  For  astronomy  we  have 
received  seose  And  DiiiurBtaiiding  ;  but  the  Bible  in  ibis 
respect,  speaks  is  the  people  then  regarded  the  matter,  for 
the  people  was  not  to  be  alarmed,  and  if  tbe  Bible  had  giren 
rest  to  the  sun,  and  motion  to  the  earth,  tlie  feeble  under- 
standing of  the  people  would  hate  been  confused,  and  thej' 
would  have  become  perverse  and  obstinate  in  the  belief  of  the 
principles  of  religion.  But  where  has  the  Bible  condemned 
the  new  doctciae  !  The  Holy  Spirit  lias  been  silent  on  this 
head,  and  if,  therefore,  our  views  have  nothing  to  do  with  our 
salvation,  how  can  tlie;  be  heretical  t  The  Holy  Spirit  has 
taught  how  we  are  to  reach  Heaven,  not  how  heaven  moves. 
It  ia  setting  the  reputation  of  tbe  Bible  on  a  hazard,  to  view 
the  matter  otherwise,  and,  as  our  opponents  do,  instead  of 
eiponnding  scripture  according  to  facta  sorely  proved,  rather 
t«  force  nature,  to  deny  experiment,  to  despise  tbe  intellect. 
Neither  is  it  any  rash  or  reckless  thing,  if  any  man  should 
not  adhere  to  antiquity.  But  to  found  geometry  on  the  Bible 
shows  a  false  notion  of  its  snpreme  dignity,  aa  absurd  as  it 
would  for  a  king,  because  be  is  a  king,  to  in^st  on  being 
physician  and  aruiitect  to  his  subjects,  and  force  them  to  use 
his  prescriptions- 

"  It  is  not  in  the  power  of  the  man  of  science  tA  alter  bis 
Ofanions,  to  turn  them  this  way  and  that ;  he  cannot  be  oom- 
niuided  ;  he  must  be  convinced.  To  cause  our  doctrine  to 
disappear  from  the  world,  it  is  not  enough  to  shut  ^e  mouth 
of  a  tnnTi,  u  those  imagine,  who  measure  tlie  jndgmeut  of 
odiers  by  their  own.  It  would  be  necessary  not  merely  to 
prohibit  a  book,  and  the  writings  of  the  adherents  of  the 
doctrine,  but  to  prohibit  all  science  ;  to  forbid  men  to  look 
towards  the  heavens,  in  order  that  they  should  see  nothing 
that  does  not  fit  with  the  old  aystei^  while  it  is  explained  by 
the  new.  It  is  a  crime  against  truth,  when  men  seek  the  more 
to  suppress  her,  the  more  dearly  and  openly  she  shows  her- 
self. Bat  to  eondemn  one  opinion  and  leave  the  rest  standing, 
woold  be  still  worse,  for  it  would  give  men  the  chance  of  see. 
ing  an  opinion  proved  to  be  true,  which  had  been  condemued 
as  false.  But  to  forbid  science  itself,  would  be  against  the 
Bible,  which  teaches  in  a  bmidred  places,  how  tlie  greatness 
and  glory  of  God  are  wonderfully  seen  in  all  his  works,  and 
are  to  be  read  in  their  full  divinity  in  the  open  book  of  tbe 
hekvens.  And  let  nime  believe  that  we  have  completed  tbe 
reading  of  the  sublime  thongfats  which  st&nd  written  in 
diuscteiB  of  light  on  thaw  pages,  when  we  have  gazed  at  the 
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briithtneBB  of  the  snii  and  stars  at  th^r  riung  and  setting 
^bicb,  indeed,  tbe  beastB  also  con  do  ;  but  tJiere  are  therein 
niysteries  so  profound,  ideas  bo  sublime,  that  the  uightlj 
labours,  the  observationB,  tho  studies  of  hundreda  of  the 
nculeet  miuds,  after  a  thousand  years  of  reaeareh  haTe  not 
yet  fully  penetrated  them,  bnt  the  pleasure  of  iuTestimtion 
ind  discovery  endures  eternally." — (From  M.  Carriere's  wel(- 
E,p,lSB— 181.) 


No.  3.— To  pagt  229. 

"In  the  lyinz-in  hospital  here  (Vienna)  aince  there  has 
been  a  diTisioa  mr  the  instruction  of  phyBicians,and  a  division 
for  midwives,  llie  number  of  deaths  on  the  pbysJciaoB'  side 
nras  constantly  greater,  in  1816  even  four  times  greater,  than 
on  that  of  the  midwives. 

"  It  is  easy  to  understand  that  so  enonnona  a  difference  in 
the  mortality  in  two  parts  of  the  same  hospital  (m  1846,  tor 
an  equal  number  of  puerperal  cases  the  exceia  of  deatiis  on 
the  physicians'  side  waa   400)  attracted  universal  atlcntioD, 

and  that  attempts  were  mode  to  detect  ilscause Aft^ 

Dr.  Semmelweis,  asmstant  on  the  physicians'  division,  had 
for  seTeral  months  considered  all  the  circumstances,  he 
reeogniaed  in  the  fact,  that  both  he  and  the  students  occupied 
themselves  frequently  with  pott-nunlem  examinations ;  that 
the  cadaverous  smell  on  their  hands,  in  spite  of  repeated 
washing,  does  not  disappear  till  after  a  considerable  time,  and 
that  tbe  pupils  not  unfrequeatly  proceed  to  tbe  examination  of 
women  in  labour  inunediately  after  diSBcctiug  a  dead  body,  the 
only  possible  mode  by  which  a  putrescent  animal  subetuice 


ormation  of  pumlent  matter  in  tbe  blood, 
and  in  the  present  instance  bad  been  kept  in  view  by  Dr.  S.) 
This  was  also  the  only  one  of  the  probable  causes  of  pnerperai 
disease,  which  either  did  not  occur  at  all.  or  occurred  oalj  in 
a  very  limited  degree,  in  the  midwives'  divi^on. 

"  Dr.  Semmelweis  now  adopted  tbe  rule,  that  every  one, 
before  examining  a  patient,  should  wash  thinr  bands  with 
chlorine  water. 

"When  this  rule  was  adopted,  the  patients  on  the  physidaos' 
side  were  not  more  frequently  attached  bj  puerperal  diseaae 
than  those  of  the  midwivea. 

"  In  1 618,  of  S760  caaea  deUyered  on  flie  pbytidana'  aide 
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46  died,  or  ]'I9  per  cent. ;  while  on  (bat  of  the  midwives,  of 
3219  cuee,  43  died,  or  1'33  per  cent  During  the  three  yetiia 
that  wftahingwith  chlorine  water  hoa  been  used,  the  deadiB  on 
the  two  aides  hive  been  equal," 

(From  a  lecture  by  Professor  Skoda,  at  tbe  meeting  of  the 
Imperial  Academy  at  Tienna,  on  the  18th  of  October,  1S4S, 
from  which  moreover  it  appears  how  Bmall  ia  the  recognition 
which  this  great  and  practical!)'  important  discovery  has  met 
with  beyond  the  Academy.  No  doubt  several  causes  of  pa«r- 
peral  fever  might  be  named,  but  no  impartial  person  can  doubt 
that  this  cause,  discovered  in  the  Lying-in  Hospital  at  Vienna, 
by  Dr.  Semmelweie,  with  all  the  acuteneas  of  an  unprejudiced 
philosopher,  is  one  of  them,) 
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"  Iq  order  to  procure  a  roast  for  Easter,"  says  Dr.  Biiser, 

«  C in  R desired  his  family  to  set  a  snare  for  e 

roebuck.  Accordingly,  one  of  tbeee  poor  animals  was  caught 
in  the  snare,  which,  as  its  head  and  breast  had  passed  through, 
held  it  by  the  hinder  part  of  the  body,  the  abdomen  and  pelvis 
being  inclosed  in  the  cord,  so  that  it  must  have  succumbed 
after  a  moat  agoniung  struggle.    It  was  found  next  day  dead. 

"  The  master  and  mistress  of  the  family  eat,  on  Easter  day, 
flie  best  part  of  this  dunty  ;  the  servants  had  little  ;  the 
remainder  was  laid  in  vinegar,  but  not  eaten. 

"  On  the  same  day  all  in  the  family  wbo  had  eaten  of  the 
venison  observed  a  striking  dryness  of  the  mouth,  oppression 
at  the  stomach,  and  nausea  ;  the  features  in  al)  became 
anxious  and  pale  ;  all  complained  of  oppression  of  the  head, 
giddiness,  and  great  wearhiess  of  the  Uinbs.  The  master  lost 
his  mght  for  several  days,  and  in  short  there  now  began  a 
series  of  remarkable  symptoms,  requiring  in  many  ways  the 
assistance  of  Dr.  Boser.  The  husband  was  only  restored  to 
health  in  July,  but  the  wife  never  recovered  ;  she  lingered 
more  than  two  years,  and  at  last  died  after  severe  sufferings. 
The  daughter,  the  man-servant,  and  the  maJd,  who  had  eaten 
little  aCihe  tortured  animal,  were  soon  cured.  The  symptoms 
in  many  respects  recalled  ttiose  of  the  effects  of  the  bite  of 
rabid  animals  (and  of  the  sausage  poison  of .  Wirtemberg  I]" 
Dr.  RBser  concludes  his  communication  in  these  words  : — 
"Many  an  animal  (for  example  in  hunting)  is  tortured  to 
death  in  the  most  barbarous  manner,  like  the  roe^^eer  m  the 
snare.    Ooght  not  then  the  medical  poUce  to  be  led,  by  esses 
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Kke  this,  to  ftdopt  the  Btrictest  regulations  to  prevent  the  use, 
M  food,  of  aninuUd  which  have  been  in  an;  way  tortured  to 
deadi,  and  to  inmire  that  the  animals  intended  for  food  are 
not  tortured  before  being  staughtered  t " — (Dr.  C.  G.  Cmn. 
From  the  periodical  "  Der  Menechenfrennd  in  seinnn  bezie- 
hun^ii  zor  tielebten  Welt."  A  popular  paper,  publiahed  by 
the  Dresden  Society  for  the  protectum  of  Animate.) 


No.  B.— To  page  230. 

The  coDBtmction  of  the  railway  from  Straebnrg  to  Bade, 
rendered  it  neceaeary,  at  many  points,  to  eicavalo  the  fields 
bordering  the  line  to  the  depth  of  1  to  2  metres  (3^  to  6]  feet), 
to  obtun  earth  for  the  mounds  of  dykes  supporting  the  railway. 
Thi»  caused  hollowa  extending  to  13  or  14  hectares,  (40  or 
£0  acres}  in  size,  and  an  a  length  of  3  kilometres  (S  or  6 
mites),  in  the  neighbourhood  of  the  communes  of  Bollweiler 
and  Feldkirch.  In  spring  and  antumn  these  bollowa  fill  with 
water,  which  in  summer  partially  dries  up,  and  lesTes  a 
tnad,  very  injurious  to  health.  They  liaTe  thua  become  true 
morasses,  iu  which  Herr  A.  Baumann  found  those  plaals 
which  are  peculiar  to  stagnant  water,  as  Polji^oiitim  hydropiptr, 
Anmdo  phroffmitts,  Alitma  ptantago,  &c.,  &c. 

Under  the  influence  of  these  dangerous  swuaps  the  com- 
mmie  of  Bollweiler,  which  has  1446  inhabitants,  has  been,  for 
the  last  three  years,  most  cruelly  visited  by  intermittent  fever. 
The  following  statement,  confinned  by  the  Burgomaster, 
Herr  Durwelt,  proves  that  the  evil,  instead  of  diminishing, 
has  become  yearly  greater.  The  following  table  gives  the 
number  of  persons  attacked  with  intermittents  doriDg  the 
foor  years. 

la  the  year  1S43     ....      SB 

„        „    1844  .    .    166 

„     184.^      .        .  .     743 

„        „    1346         ....  1166 

The  morteiity  has  hioreased  in  the  same  proportion.  The 
average  mortality  often  years  (1336  to  1345,  including  there- 
fore some  of  the  worst  yean  of  the  intermittent  fever,)  is  36. 
In  1836  the  deaUia  amounted  lo  54.  In  the  some  period,  tbs 
days  tost  to  the  people  in  consequence  of  their  inobili^  to 
work,  the  fees  of  pbyracionB,  and  the  expense  of  medidbe^ 
amounted  to  ll6,SlSfrancs. 

The  httle  commune  of  Feldkirch,  with  only  480  inbabitanli^ 
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■nfibred  no  less  severely.  The  foUowiiig  is  the  sccontit,  con- 
firmed bj  the  Bur^omMter  of  the  caaea  of  iutennitteDt  fever 
in  the  four  preceding  yean. 

In  the  year  1843  ....        2 

„        „    1844  .        .        .    .      20 

„        „     1346  .        .        .        .135 

„        „    1846  .        .        ,    .     376 

The  annual  mortalitv  rose  from  11  to  18.  The  loss  of  work 
and  the  cort  of  illness'  amounted  to  42,2 1 S  franca.  To  these 
facts,  Drs.  Weber,  Sanger,  and  West,  the  authors  of  a  very 
dedsive  report  to  the  prefect  of  the  Upper  Rhine,  add  others, 
which  are  not  less  coacluiuve.  The  apothecary  Larger,  ia 
Soultz,  the  chief  town  of  the  three  cantons  aBf^cted  by  this 
plagne,  sold  the  following  qnantilies  of  sulphate  of  quinine : — 

In  the  year  1843       .        .        .120  grammes 
„         „     1B44  .         ,         .     .     150         „ 
„        „    1845       .        .        .970        „ 

*'  The  stale  can  no  longer  roroua  anconcemed  and  inactive 
in  face  of  so  great  an  evil.  Three  years,  full  of  euifering, 
have  entirely  prostrated  the  unfortunate  inhabitants  of  BolL- 
weller  and  Feldliirch.  and  (he  writer  of  this  letter.  Dr.  Dollfns- 
Ausset,  turns  to  the  Academy,  that  their  Jcnowlcdge  may 
instruct  the  adniinistrarion  concerning  the  best  means  of 
checking  the  plague  which  has  decimated  two  villages,  and 
threatens  othera." — (ComptesrendusderAcad^miede  Sciences 
I  Paris,  Stance  dn  S  Mar.  1 847,  p.  779.  In  the  utting  of  the 
24th  of  May,  M.  Sainte-Freuve  proposed,  as  undoubtedly  the 
beat  means  of  patting  an  end  to  this  source  of  disease,  to 
connect  the  hollows  with  running  water,  and  thus  cause  the 
Stagnant  water  to  circulate.) 


No.  0/— To  page  Hi. 

"  The  voice  of  the  people  has  embodied  in  a  merry  tate  the 
genial  disposition  of  the  jovial  EhinelandeF.  Nowhere,"  so 
runs  the  story,  "  do  men  ao  lardy  lay  violent  hands  on  tiiem- 
selres  as  on  the  banks  of  the  Rhine.  It  is  especially  an 
unheard-of  event  in  the  cbroniclcfl  of  that  valley,  that  a  mui, 
^red  of  life,  ever  selected  the  mode  of  suicide  by  hanging, 
vhidi  ia  chanwteristio  of  the  gloomiest  melancholy.    There 
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wu  onlji  one  man  in  the  lUiine  tnlley  who  ever  triahed  to 
hanz  himself.  All  his  gooia  and  gear  were  gone,  he  hod  pledged 
the  IsHt  of  hia  fnrnitDni  for  debt,  uid  bia  creditotB  bad  left 
noting  bnt  half  a  cask  of  wine  in  the  cellar.  Then  the  man 
wodC  to  the  garret,  toob  a  nev  rope,  nbbed  it  with  oil,  that  it 
might  run  Bmoothl/,  twisted  a  moat  artistical  noose,  and  placed 
himself  under  a  eroBB-beam.  But,  bb  be  was  on  the  point  of 
taking  the  eventfal  ionmey,  the  half  cask  of  wine  in  the  cellar 
come  into  his  mind.  OnJy  one  draught  to  help  him  on  the 
roadi  Ha  conatdered  long;  but  he  etole  down,  took  (he 
spigot,  and  inserted  it  at  the  bnog-bole,  where  the  beat  liquor, 
the  nobleat  heart's  blood  of  tbe  cask,  ia  alwaya  found,  and 
drew  a  fflugle  pint.  And  when  he  bad  drained  that,  he  found 
that  the  wine  vas  good,  and  took  a  second.  At  the  tfaiid 
measare  he  thought  how  foolish  it  woold  be  to  leare  ao  large 
a  legacy  of  tbe  good  wine  to  hia  laughing  beira  ;  so  be  turned 
down  a  fourth.  But  when  he  bad  reached  tbe  seTenth  pint, 
he  gentl}'  rused  the  bung,  took  the  new,  oiled  rope,  threw  it 
into  the  cask,  and  cried ;  '  Drown  thyself,  cursed  rope  1  I  will 
first  drain  the  cask  to  (he  dregs,  and  then  we  shall  sea  what 
is  to  b«  made  of  thee,'  Bnt  when  tbe  man,  some  time  atter, 
had  drunk  out  the  cask,  be  found  that  tbe  rope  waa  no  longer 
fit  for  use.  7hat  was  the  only  man  of  the  Rhine,  who  ever 
wished  to  hang  himself. 

"  For  the  last  thousand  years  the  Ufe  of  tbe  Bbinelanda'  is, 
as  it  were,  steeped  in  wine  ;  be  baa  become,  like  good  old 
wine  casks,  tinted  with  tbe  vinous  green.  This  gives  him  his 
originality.  For  there  are  many  wine  countries  in  Germany, 
but  none  where,  as  in  the  Bhinegan,  wine  is  everything. 
Wine  is  the  creed  of  the  Rhinelander  in  everything.  As  in 
England,  in  tbe  days  of  Cromwell,  tbe  royalisla  were  known 
by  their  meat  paaties,  the  papista  by  their  raiain  soup,  the 
atheiets  by  their  roast  beef,  so  is  tbe  man  of  the  Rhinegaa 
known,  Ume  immemorial,  by  hia  wine-flask. 

*'lDtlie  Rhinegau  tiiey  tell  of  mothers,  who  gave  their  new- 
born children,  as  dieir  first  nourishment,  a  spoooful  of  good  old 
wine,  as  if  to  impress  on  them  in  the  cradle  the  stamp  of  their 
native  home.  A  valiant '  Brenner '  (burner),  as  on  ue  Rhine 
they  call  the  thorough  jolly  campaoion,  drinks  every  day  hia 
seven  bottles  of  wine,  and  with  it  grows  as  old  as  Metbnselah, 
is  seldom  drunk,  and  has  at  most  the  Bardolph  mark  of  a  red 
nose.  Tbe  characteristic  heads  ot  the  saasoned  winebibber8,Df 
the  halrsplit^ng  connoisseurs  in  wine,  who,  however,  are  one 
and  all  unable,  with  wine-baudaged  eyes,  to  tell  red  from  whits 
by  taste  alone ;  of  the  prophets,  of  tbe  sample-hunters,  the  men 
who  travel  from  one  sale  of  wine  to  another,  and  drink  their 
fill,  gratis,  of  the  samples ;  are  nowbera  to  be  seen  in  an 
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originality  bo  fi^sh  ss  In  tbe  Rhinegau.  All  theee  phynog- 
nomiea,  in  their  iufimte  Tarieties,  when  collected  and  framed 
at  a  wine-tasting,  appear  like  the  saJlors'  tavenie  unong  the 
old  Dutch,  likely  to  become  a  standing  theme  Tor  our  mmlern 
painters  of  character. 

"  The  chronology  of  the  natives  of  the  Rhinegan  is  not 
calculated  on  calendar  years,  but  on  wine  years.  Unfor- 
tunately their  usual  reckoninK,  from  one  distinguished  Tintage 
to  anDther,agreeepretty  nearly  with  the  Greek  syelem  of  Olyni- 
piada.  The  whole  speech  of  the  Rhlnelander  is  embroidered 
with  original  expreseiona,  which  point  to  tho  culture  of  the  vine. 
They  would  fill  a  lexicon.  Several  of  the  customary  words  of 
praise  applied  to  wine,  are  a  poem  from  the  peoples'  lips, 
Gondenaed  into  one  word.  Thus  it  ia  prettily  said  of  a  right 
harmonious  noble  Hquor  of  the  last  year, '  There  is  music  in 
that  wine.'  A  good  old  wine  is  a  'Chrysam,'  a  consecrated 
oil  The  '  flower,'  (Blnnie)  or '  bouquet '  of  wine  have  abeady 
become,  from  local  expression,  terms  universally  employed. 
The  Rhinelander  ia  as  rii^  in  such  splendid  poetical  Dames 
for  his  wine  as  the  Arab  is  in  poetical  epithets  for  hia  noble 
steed.  In  the  middle  ages  the  inferior,  sour  wine,  *  the  quart 
whereof  was  scarce  three  farthings  worth,'  was  called  on  the 
Rhine  '  Councillor  ; '  but  hardly  for  tbe  innocent  reason  given 
by  a  late  chancellor,  when  he  says,  '  for,  however  much  of  it 
DOB  might  drink,  it  left  a  man  his  full  understanding,  as  all 
CounciUors  should  be  men  of  understanding.'  Poetically 
figurative  is  the  modem  name  of  'Dreiminnerverein  '  (asso- 
ciation of  three  men,)  given  in  the  Rheingau  to  a  wine  which 
can  only  be  drunk  thus  :  two  men  hold  the  drinker  fast,  while 
the  third  pours  the  noble  liquor  down  his  throat.  As  expres- 
UTC,  muaically,  sounds  the  gmmblicg  word  ■  Rsmbass,'  for 
a  rongh,  coarse,  tasteleaa,  blunderer  among  wines.  The 
•Groachenbnrger'(peuny  wine)  of  the  Bheingau,  corresponds 
to  the  'Batzenwein'  (also  penny  wine)  of  Upper  Germany, 

"  The  Rhinegan  has  even  its  own  '  wine  Haints.'  First, 
St.  Goar,  whose  cask,  a  gift  from  the  Emperor  Charlemagne, 
ftlways  filled  itself,  and  who  loaded  with  gifts  those  guests  who, 
provided  they  had  previously  undergone  baptism  with  water, 
desired  also  from  him  the  Inptdsm  of  wine.  The  legend  of 
St  Theonest,  the  patron  saint  of  Canb,  who  underwent  bis 
martyrdom  at  Mainz,  then  floated  down  the  river  through 
the  whole  Rhinegau  in  a  dainty  wine-tnb,  and  at  length  landed 
alive'at  Caub,  where  he  planted  the  first  vines,  contains  one  of 
&.e  plainest  and  most  intelligible  symbolisations  of  all  tbe 
nfferings  or  tortures  which  the  grape  has  to  Undei^  before, 

riwng  from  the  bands  of  death  in  the  f<  

glorified  or  transfigured  into  the  golden  w 
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"  When  the  Morlh  Germui  p<nrter  groans  under  n  heavj 
burdea,  rad  is  compelled,  in  order  to  advance  at  all,  to  set  it 
doviQ  at  short  inteiTsls,  he  strengthenB  himself  for  each  new 
effort  by  a,  hearty  corse,  which  never  faJU  to  help  him.  But 
^heu  the  Rhenish  coopera  have  to  carry  up  out  of  the  cellar 
a  heavy  cask,  which  they  muBt  take  iip  again  after  every 
pause,  then  they  strengthen  themselveg  for  each  new  attempt 
by  a  hearty  draught  of  wine,  and  this,  .too.  never  fuls.  Not 
less  inexhaustible  than  the  poetry  of  the  vineyard,  but  as  yet 
little  slndied,  is  the  poetry  of  the  wine-vaalt  or  cellar.  Not 
alolie  have  the  castle  of  Johannisberg  and  the. convent  of 
Eberbacli  their  wines  stored  in  splendid  vaults,  where  the 
double  gleam  of  the  broken  daylight  aud  the  glimmer  of  lamps 
is  so  majestically  reRected  from  the  vaulted  roof,  while  heavy 
buttresses  caet  their  gigantic  shadows  between;  the  saine  is 
seen,  on  a  emaller  scaje,  in  hundreds  of  old  private  cellarv, 
magnilicenC  sublerraneous  baildings  of  thdr  kind.  When  in 
early  winter  the  cellars  are  tilled  with  the  stupefying  vapours 
of  the  fermenting  new  wino,  then,  when  it  is  necessary  to 
descend,  firebrands  aro  pushed  down  from  one  flight  of  the 
cellar  stairs  t«  another,  and  while  through  the  dark  depths 
the  har^  lights  Ijash,  men  can  go  down  gradually  to  the  casks 
under  the  protection  of  the  pQnfying  flame.  When  in  spring 
the  Rhine  flood  uneipectedly  rises  into  the  well-stored  cellar^ 
the  coopers  often  sail  about  in  them  in  wioe  tuba,  like  St. 
Theonest,  to  fix  the  casks  to  the  ground,  in  order  that  they 
may  not'  be  carried  anay.  But  they  cannot  always  keep 
above  water  so  skilfully  as  the  saint,  and  this  caosee  uie  moat 
laughable  adventures." — (Supplement  to  the  Augabnrg  AUe- 
meine  Zeitung  :  IGLh  Novranher,  1850.) 
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WORKS    ON    NATURAL   PHILOSOPHY,   ETC. 


LETTBES  TO  A  CAJTOn)  ENQUIEEE  ON 
AJJIMAl  MAGNETISM. 


BY  WILLIAM  GREGORY,  M.D.,  F.B-S.E, 
OBtV<ILlABO,»t.«d. 


A   HAND-BOOK   OF   PHTSIOLOGT. 
BY  W.   8ENH0USE  KIBKES,  MJ>., 
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BY  DB.  MOHB  AND  THEOPHILHS  REDWOOD, 
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